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FOREWORD 

Ed Begle recently rehiarked that cumcular efforts during the 1960*s taught us a great deal about how to 
teach better mathematics,- but* very, little about ho,w to teadi nvathematics better. The mathematician will, 
quije lilcely, agree with both parts of this statement. The layn^i), the parent, and the elementary sphool 
teacher, however, question the thesis that the 'iiew math" was re.ally better than the **old*mafth.V At best,^the 
Suits of the mathematics curriculum/*revolution'' were not sTOet/Many judge them to be bittejv ' ' 

^ "While some viewed t!le curricular changes of the 19601f'to be '^evolutionary," otheg disagreed. Thom'as C. 
O'Brien of Southern Illinois University jft Edwardsville recently wrote; "We have nbf madH -any tund^entai 
change in school mathematics."^ He cite^Allendbejfer who suggeStecf that a cu|[riculum which heeds the ^ays 
in which young children learn inattieniatics is needed. Such a curriculum wcrul j be based on the understanding 
of bhildren's thinking and learning. It i^one thing,*howeyef, to recognize that a' conceptual model /or mathe- 
matics curriculum is sound\nd necessary and to ask that the .child's thinkii^g and learivng processes be heeded, * 
it is quite another to translate these ideas into a curriculum which can be used effectively by the ordinary 
elementary school teaclj^er working in the ordinary elementary school classroom. . 

Moreover, to propos^ that children's thinking processes should serve as a basis for Curriculum development 
is to presuppose that curriculum makers .agree on what these proceSes are. This is not the c265e, b.ut even if it 
Were, curriculum makers do not agr4e on the implications which the understanding of tftese thinking processes ' 
would have for curriculum development. - * 

i ' . 

. In the xeal world of today's element^ -sphool classroom, where not much Sope for drastic changes for the 
better can be foreseen, it appears that in order to build a reatistic, ]^et spund tmsis for th^mathematics curricu- 
lun:;, children's mathematical thinking must be studied mtensively in their usual sch<ooj habitat. Given an ' 
opportunity to thmk freely, children clearly display certain patterns of Jhought as they deal with ordinary 
mathematical situations,. encountered daily in their classroom. A videotaped record of the outward manifesta- 
tions of a chilcTs thinking, uninfluenced by any teaching on the part of the interviewer, provides a rich source 
*for conjectures as, to what this thinking is, what menti structures the child has developed, andJiow the child * 
uses these structures when dealing with the ordinary concepts of arithmetic. In addition, an Tntensive^analysis 
of this videotape generates some Conjectures as 4b the possible sources of what adults view as children's 
"misconception^' arid about how the school environment (the teacher and the materials) "fights" the child's 
natural thought processes. ? , ' 

The Ptoject for the. Mathematical Development of Children (PMDQ)2 set out to create a more exf^nsive and* 

reliaf)le basis on which to build mathematics curriculum. Accordingly, the emphasis in the Orst phase is'tb try 

to understand the children's intellectual pursuits, speafically their attempts to acquire some l^asic mathen^ati* 

cai skills and concepts. . ' ' • * i' 

* * fl . ^ - • . » 

The PMDC, in its initial phase, works with cfaildrwi in grades 1 anci 2. These grades seem to.comprise the 
crucial yean for the development of bases for the' future ^iearning of mathematics, ^nce Hey mathematics 
concepts begin to form at these grad^ levels. The children's mathematical development is studied by means of: 

1. One-to-one* videotaped interviews subsequently analyzed by yarious individuals. 

2. Teaching experiment in which specific variables are observed in a group teaching setting' with fiv^to 
foi^een children. - * ^ 

^ ^ . - \ ' ■ \ . *• ^--^ 

3. Intensive observations of childreir in their regular classroom setting. ' • ^ 

4. Studies designed to investigate intensively the effect of a fJarticular variable or mediunf on commUnicji- , 
ting mathematixs to young children. ' o . ' ' ' / * * '/ 

, l"Why T^h Mat}iematics?" T5je Elementary School Journal 73 tFeb. 1973),*258-68. 
2pMDC is supported by the National Science Foutidatiop, Grant' No. j^ES 74-18106-A03. . * / 



5.. Formal testing,,,both group and one'to-one, designed to provide further insights into young children*s 
mathem^iticai knowledge. • ' ^ . ^ 

The PMDC sta^f and the" Advisory Board \vish to report the Project's activities, and findings to all who are 
interested in mathematical education. One meanS for accomplishing this is 'the PMDC publication program. 

Many individuals contributed to the activities of PMDC. fts Advisory Board members are: iBdward Begle, 
Edgfiir Edwards, Walter Dick, Renee Henry, John LeBlanc, Gerald Rising, Charles Smock, Stephen Willoughby 
and Lauren Woodby. The principal investigators are: Merlyn Behr, X6m Denmark, Stanley. Erlwanger, Janice 

-•Flake, Larry Hatfield, William McKillip, Eugene D. Nichols, Leonard Pikaart, Leslie Steffe, and the Evaluator, 
Ray Carry. A special recognition for ^hts publication is given to the PMDC Publications Committee, consisting 

/ of Meriy a Behr (Chairman), Thomas Cooney and Tom Denmark, ^ • , . ' 

I * ' " 

^ C . . ^ ' > Eugene D. Nichols 

' \ . * ■ . Director of PMDC^ 




preface: ' • . " • . ^ 

This publication ijntended to. .share with the reader an investigation of the relationship between^flrst grade 
children's understanding of written mathematical^ symbols, and a specifically defined "teadiriess" Jactor based 
on verbal facility with the conce^)ts to be symbolized. The investigation was a dissBtta^^on study submitted 'to 
the faculty of the Univers'ity.ofGeprgia, 1976. , ^ ^, ^. • , » * « 

The data from the pMDC Fall 1975 Testing Program w§re used'in this investigation, and the results of this 
invesfigation w^re given to the PMDC principal investigators for possible'use in their studie!&. 

* ' ^ . . ' ' ' ^* " - ^ • 

• The author of this study in indebted to the fallowing PMDC personnel for their advice and support ^ 
,thy)Ugh6ttt the study. Mertyn Behr, Tom C^oney, Tom DenmarkfL^ Hatfield, Eugene Nichols, and Leslie 
Steffe. A 3^ecial debt of gratituc^ ^5 owed to the autiior's major professor, William Mc^Killip, a principal^ * 
invesiigator for^PMDC. Tfianks^are:also due Janelle Hardy and Maria Pilner'^for handling the publication ofthia- 
dissertation. ^ , * , < • ^ ^ 



* : 



}• 



t 1- 



' AN INVESTIGATION OF OiLM LANGUAGE ♦FACTORS 
READINESS FOR THE \vnRITTEN SYM^OLIZATION 
. ;0F ADDITION. AND SUBTRACTION 



IN 



ANNA kATHERINE BARR HAMRICK* , 
B.S.Ed., Th^ 'University of Georgia 1969 
M.Ed., The University of Georgia. 1974 



A liss-ertation Subraicced Co Che" Gr-aduace FSculcy 
ot Che Universicy of Georg|.a in Parcial Fulfillmenc 
. ^ ■ of Che . . * 

. . .ReqqjLreTiiehts for the' Degree • S,, 

V 'DOCTOR -OF EDUCATION • 



i 



ATHENS, GEORGIA 

I' 

1976 . 



\ 



AN Jfi^^VESTTGATl'ON- OF ORAC LANGUAGE FACTORS m 
.READINESS FOR T.l^ wRTTteN SYMBOLIZATION 
xOF ADDITT0N AND SUBTRACTION 



bv 



ANN^V KATHARINE BARR HAMRICK 



a. 



Approved : 



Major Professor- 




Date 



^airma^, Regding" Committee 



1, Q^^uate School 




Dean, 



Date 7/ 7/ 



ANNA KATHARINE BARR HAMRIGK ~ * , , ; ■ , ' ^ . , 

, An Investigation of Oral Factors in Re.idiness for the^W^tten * ■ 

Symbo ligation of^ Additipci' and Subr ract,ibn . ' • , ^ 4^ 

(Under the direction- of.WltLhVM D: MCKILLIP^ .... ^ ' ' ~ 

' • • ' • ' . \ 

This %tudy Lnvost ijiatud chi'dren's understanding- of matHeiriaticai 

<*on<repts, writt;,ei\^«vmbol i?,it'i,Mi of these concepts,, and-a specifically, - - 

• # * • • * 

""defined '^readiness'- f.u tor ' Tliis rcMOine'ss' factor was defined as; 

'I • ' - 

follows : • * ' , ' ' ' ' s ' ' - 

' Gj.ven'a topic in lo-nenCa r y 'mthemsit ics , there are Sets of 

objectives, whi.h indirat:^ mc-vsterY^'of the top-ic. Omitting 

. 'these objectives i:oncerned with reading,; writing, and^peed 

of res:)onse, a eh'Ud is ready ror the^ introduction of the 

symb^^l izjtion o*f the topic wiien ,he .has^ maste red ttie 

%i objecrnes o-f the to^iic verhallv. perhaps with the aid of 

pictures or manipulatives . ^ » ^ ' ^ 

This study is'b^sed on the as^umpfion that written 'inathematic/il^ 

syiibols are similar* to w^ritteV language symbols. When a st,udent'is - 

. learning either* type .of' symbol, he must associate the symbol 'to a 

nea-niag. The language s^^mbols are first associated with known sound 

svmbols, and the sound symboTs arouse meaning in the mind of the child. . 

It is possible tljat written arithmetip syijiboIsTshouId also first be 



^associated w^th known sound symbols, / In other words, verbal farcility 
may be a* readiness , factor for learnmg the written mathematical symbols. 



The subjects were 38 firsd grade stuqents at Barrow Elementar>:__i_ 
-School, Athens, Georgia; , In September. 1975, the. sub j eo^ts were^ 
classified as readV or not ready acTcording to spores a readiness • tesp 
based on the deTihitiori of readiness. The subjects were paired by means 



6f the" readiness test jres and Key Math Te^t scores. This r'esulted 
Xn eleven pairs of not readv suhjeats ind eight pairs of ready-.subj ects . 
One ntember of each'pjir was *raaoionllv assigned to an- immediate symboli- 
/.ation ^n<>up and the other ;nember ai?sij^nt!d Co a delayed symbol izat ion 

All subjects received 12 vfeeks of (instruction in introductory 

a.id;.tio"n and fiubtractit^. The immediate symbolizat ion groups of both 

> » ^ * 

readv and not ready^ sabjocls experienced i treatment in which written 
svnool izat ion was introduced simultaneously witl; the ^oncepts. The 
deiAved symbolization of ready subjects experienced a treatment In which , 

'uritten svmfiblization was delayed for five weeks. The delayed svt^ooI- 
izat ion -group of not ready suBj e,cts e*x'perien'ced a treatment ^ which 
wiL-^e^n symbolization was delayed until each subject was jiidged to he . ♦ 
rer-^y on th^ basis of t;he above^ definition. - — . ^J-^-'" 
A posttest ;^as 4esiJ;ned to measure the subject s abilitfy to 
^^^^terpret, produce, *and state ant^wers to number sentences. A. student's 

' meaningful learning of the symbolization of 'addition and subtraction was 
de5ined in tenns of the subject*s ability to produce, iriterpret , -and 
<5C.ite answers to number sentences. Thus flig^posttest vTas a measure of 

*a subject's meaningful learning of written symbolization. 

The scores of the not readv s^ubjects the. delaye'd" sytrjjolizat ioTi 

' - . • ' *' ' 

group were significantly Jiigher, a =...05, oh' the interpretation section 

lof the posttest 'and were, significantly highe>*, H = .10, on the producio?, 

section of the posttest the'n the scores of'tK^ not ready/subj ects in the 

immediate s>'mboli-zat:^on i;roup. There were ho significant differences 

between .the scores of these two groups on t*he answer section or between 

aay of the posttest scores of Veady subjects. ^ . - 



• ' 1 ' « • f ' 

(1) Children's readiness, as defined above, does not effect 

^ready student's meaningful learning of the syTtibolization of addition 
and subtraction. ' * * ♦L • ' 

(2) A' dej.ay of symbol ifat ion may cause ready studentsYto become 
bored, thus affecting the Vfflciency of learning. 

(3) Children's readiness, as de fi???d above , affects not ready - 
students meaninirfiil learning of cUe symbo 1 ization ' of addition ^nd 
sub^4Ction. The learn inv; is more' jreanlngful if the symbolization- it ^ 

^ delayed -until the scudrnts are rt^adv. . • » . ' • ' i 

(4) The dfiav i>t svmbqlizat ion for not; ready students facilitated 



I 



learning: ^ • ' \ 

Irrdex wc^rHs:* Readiness, Symbo lization , Oral Language, Addition, 
t ' Sabcraction. 
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. ^ , - i * ChaptejT I 

^ THE PROBLEM 

Tht^ purpofev/of this study, was to investigate the relat.ionship , 
among chlMren's understanding of mathematical concepts, written symbol- 
ization of these concepts , '?n.d a weli_jie fined "readiness" for written ■ 
sv-bolization based on verbal facility with, the concepts t.b be sym- 

•I- ' • *- • " ' 

bolize^. It was hypothe'$i2ed that readine written symbolizatipn, 

as" define'd, would influence the course of 'leatning^ and j:h€ success of 

^ •» . • ' , • ' ^ ^- • ^ 

instruction, tn order ^feo^est this general . hy.pQthesi.s , a study, was 

designed at Che first grade "level utilizing the- learning of addition 

^and subt r'^s^ctfion concepts tor smalT., whole numbeirs and, the symbols that 

express Chem. ^^re,are a number' of factors which must be discus.sed in 

presenting the rationale of the present *study, 

Prior^to the* organization of the study, the investigator 

examined errors chil4ren n&ke in eleifientary mathe'matics . In pa-rtlcular, 

errors w^jr.e fioticed in, whidh phildren seemed to be "manipulating ^symbols 

according to thei'r own* rules. Th^ investigator felt that while/ some of 

the errors children make in elementary mathematics are a result of ladk^j 

of understa'nrding of the math'ejmatics itself, others seem to be Che, result 

of Confusion .associated^ with the written symbolizatidn of the mathe- 

matics. This so*urce of error could be seen in mistakes children^ made 

when'working with the .written forifs ofe problems they could correctly 



"solve when the problems were done verbally. It is possible that .1:he 

written- syrabolization did not have associated with it the meanings. 

utilized by t-he children-when working- verbally". ' ' 

A child's readiness to learn a topic should always ..be considered 

before the introduction of the^opic. However, a Child's readiness for 

iearning the written sym.bolization of the .topic, not readiness for 
learning the topic, w.ih t-he- main focus o£ the present study. Readiness 
can be defined in t'^-nns .-t ,a .-hiid's prerequisite learning, his matura- 
tional stage, and lii.s iTwtivation to learn. .The present Study was^ 
designeil to invest i I'atL^ readiness defined by hypothesized, prerequisites 
for learninc the written Symboliz^ation of a topic. 

The learning of the written symbolization of mathematics is 
sioiiiar in mny respects to the lean^irig of the'written symboLization , _ 
of lanjMia.ge , that is, learning to read. In reading and language edu- 
cation vertial facility is considered ts be an important readiness, 
factor,; -a. child is not considered ready to T.ead until he has an adequate 
speaking and hearing knowledg^e of the words and sentences he 'is expected 

* to readr r However, "there has been little consideration of the readiness 
factor of a spoken vocabulary in relat^ion to the mathematical symbols 
a child IS expected to read. • It' is possible that many children are 

'introduced to the symbolization of mathematics before they have an 

.a^^qiiate jspeaking and hearing vocabulary in^mathematics . . - ^ 

. . ' ' ' . ^ ' ' ' - . ^. , , - - 
! " ' ERRORS ~ CONTRASTS BETWEEN VERBAL AND WRITTei WORK 

4 * ^ ' ' » * 

f ♦ * 

'There are exampl^ in childrea'sowork dhat illustrate the 
contrast Ijetw^en verbal and written work. The»following examples^Were 
taken! from a teJt administered,- to first grade students at Barrow School 



during the ffpnring of 1975 .*^ Four .items on the test required the 
studencs to produqe an ap,propriate.. number seixtsence for a pictuire of a 

■ • > • " 

set or. sets of objects.' Two items required, the students to write a 
number sentence and <two items required the students to say a number 
sentence. , Of the 38 students ^tested, ^10 students gave correct number 



sentences .for' all four itenjs and' 17 students gave, incorrect number 
sentences- for all four 'Lteds' ' The remaining 11 Students said corl^ect 
number sefttences for onie or two of the items requiring the stiTdent to 
say a number sentence but wrote incorrect number sentences* for all items 

requiring the 'student to wric^^ a. number sentence. 

^ ' ' ' 

For example, ^ when gi^^en the f irsi^picture in Figure 1 and asked' 

• ' ; \ • ' ' 

co^'-.write the nujaber senterice, one child wrote "^3/' ^However, when 
given a/"similar pict.ure , the^ se.cond -picture in Figure 1, and ,asHed to 
sav the niimher sentence, "the same chilcj said, *'Five and two is seven." ' 

Another child,. when giveri the first picture in Figure 2 and 
asked to write the number sentence wrote, "4 - 2 = 4." However^, the 
same child when given a similar, picture, the second picture in Figure 2, 
and asked to say the Tiumber sentence saidi^ *'Seven take away two makes 
five." Both children could give the correct answer verbally, but # 
answered incc^rectly ' in writirfg.^ " ' , - . 

— \ . " ' • 

William' D. McKillip, "First Grade 'Verbal and Manipulative-TySde 
Study 1974-1975" (Project fo,r the Mathematical Development of Children^ 
Univefsit7 of Georgia, Athens, Georgia) report of^Prindpal Inves- 
tigator, November, 1^75. (Mimeographed.) C • 



^Picture I 




' Pict^r^- 2 




First Grade Verbal and Manipulative Mode Study 
^1974-1975; Responses- of one Child ^ 

' . "^^-^'^ to P'icture Stimuli ■ ' , ^ 



Picture I. 




Th^ child was ^^ked to-writ^the 
number Sentence, ihe c?ldld 
^ wrote, - 2 - 4."'- ^ 



Picture- 2, 




The chi.ld was then asked^'to say 
the number sentence • ' The,.chil3 - 
said, "Se^n t^ke.away two makes-' 
five." • ' 



Figure 2 _ ^ , 

First Grade Verbal and Manipulative Mode Study 
1974^1975; Responses of One Child ■ * 
to Picture Stimuli 



MEANING- 

.Since the children in this study were learning the symbolization 

.of addition and' subtract^ion for tjje first time, it was important that 

the learning be 'meaningful , lu the thirty-^6venth yearboojc of the 

Nat jfohal^Cduncil of Teachors of Mathematics, Folsom stared: ' , 

^n the eirly &ta>^es e-f learning*, a primary goal is to . . 
'help ttie. child ^rnove from physical world situations to the* 
^ ^abstract ideas of of)eratLng .on' whole' numbers • . . . • Although 
*^\he child does det^nnane sums, proficiency in computing is _ 
not. the goal of jarly instruction. 2 



*'4n this study," the definition of meaning of the symbolization of 

^ f, addition and subtraction is a modification^ of .'.the definition u^ed by/' 

Ford'tvam who conducted an invescigQC ion^ df Che nature of meaning. ^ 

Paraphrasing Fordham, the meaning of an arithmetic symbol of grbyp'^of , 
... . : • ^ • « . .. • 

svmpols is a 'pairing in the mind of an individual of the symbol, or ? 

^ symbols, with some action that is a^ppropriate forAhe symbol, fh^, ' 

pairing in the mind, can be accomplished in one*o£" two ways. The in-. 

dividual could be given the' symbol and he tTien iiji^t interpret the §yipb<ll 

as .referring to an action.. On the other hand,' the individuaL could be 

"shown an action, or told a description 'of an action,, and he then must ^ 

'produce the symbol or, symbols that descri'be the'action. 



Mary Folsom'; "Operations on Whole Numbers , Mathejaatici^ 
: Learning in Early Childhood ; ed, Joseph N. Payn^, Thirty-seVenth 

Yearbook of the National Councfil of Teachers of Mathematics OReston: 
^ National Council of Teachers of Mathematics, 1975), p. '162. 

Dennis L.^Fordham, "An 'investigation "of Third , -Fourth, and 
^ifth Graders' KnowLecige ,of Meanings of Selected 'Symbols Associated 
with Mult [plication , of .Wjiole -Numbers" (unpublished Doctorsd^^^^^ 
dissertation. The University of Georgia^ 1974) , pp. 7-8.-;* 



In order for a group of symbols .reptesenting a' conc§pt|^r 
operation to be' meaningful to a child, the. concept or operation itself 
must first be meaningful to the child. A concept or operation' is 
meaningful to a child when the child car/ pair the Concept or operation . 
t-o an appropriate *acti(m. For example 'the operation of'^addition is 
assumed to be meaningful 'to a child if the chi^ld can pair, in an ijiter- 

pretative sense, a question such as, '-How much are three and tHree?^'' to 

/ ^ ' • . ' \ ' 

the action of the joining of two sets or to an act such as cpunting,. Th 

child also demonstrates that addition is meaningful to him by praducing 

the operation that is apprc^jpriate tor ch^ action, i,e., the child might 

respond to the union of two sets bv sayijig , "Three and three are six." 

s The symbols of addition^re meaningful to a child if the child . 

can pair symbols such ^s ^3 + 3 f *j " to the union of two sets or an 

act such as counting. Again the pairing in the 'child's mind^c^n be 

dejnohst rated by interpreting tlie svmbols or 'by produciag"* the symbols. 

V ■ • - . , • . ^ . A - 

It is possible, ^as illustrated by th^ contrast between] 

* - ' / . , • 

children's: verbal "and written work, for the verbaX representation of the 

operation or co^icept to be meaningful to a childi> while -the child may 

lack meaning for the written symljolization of the» operation or concept.' 

For example,, as previously described in Figure 2, one child was pre- 

sented with a picture illustrating the number sentence, "6 - 2 = 4" 'and, 

the chi]|d ^^rote, "4 - 2 =,4." How^ever, 'the same- child when presented 

wiT^h a similar picture and asked to* say the number sentence answered 

correctly* *The child dertwnstrated that the verbal* rep^rjesentation of 

the *operat,ion *of subtraction was meaningful to him, while <.the written 
♦ 

symbols of subtraction were not. 
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READINESS. 



Readiness Is a general concept wlvich has been applied to a 

' child's preparedness to bggin an>t, learning task* Much of the work in 

^ readiness has been in the. related fields of language and reading edu- 

c^tionT Downing and Thack^ay deAne readiness for* learning as 

\ T the stage firstly when .the child can learrx .eas|.ly ^ ^ | 
v'and^without Imotiohal s^train, and .secondly^ Uheii the chil^ - . 
can 'learn prof itably, because efforts at t^^ching give :^ 
* ' gratifying results,^ , ^ 7 , ^ 

' * ' : . ' -^r' , ' 

The ex post facto nitU^e^ this and other siilii:i>ar- definition? of 

_ f. * - ^ ^ ^ 

. readiness 'prevent the use of the definitions ta assess a child's 



readihess for l&arning. a topic before the topic is -iTntroduced . ,- 

'4'more workable description of readiness i^ that a c-hild's 
reidiness foY Learning a topic Is . a' f unc'tion 'of the ^hild •s^^atiir.aJ:ion, , 
r,oLivation, and prep;Tratu)n. The child ' s physical micuration ^ hi^ . - 

iTWtivation to- learn, .and his preparation in terms of mastery of pre- 
requisite leanTin-s ^re assessable before the introduction of. a t6pic. , 
In the present' study, emphasis will be on a'child's preparation in- ^ 
terras of mastery o^f Vrerequisite learnings. . - . . : ^ . * 

[ri reading- and language ieducat;,ipn , the linguistic ability of . th^ ^ 
child is usually considered to^^be an important 'factor for learning to ^ 
. read. Bond stated that, ^Language facility i^ one of the more important 



"^John Downing and D. V. Thackray, Reading Readiness (London,:. 
University of London Press Ltd. , 1975), p. 9. * , 
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■ c. 



readiness factors that are <lefiVLtelv trainable. " Tinkei;^arid • - i 

MfCullbugh state, "The ^reaeer ti^abiiity to comprehend material 

presVtvted* in br&l fonn, the greater the proficiency in' the use of^otal 

language, the more ready the child will be for beginning reading."; 

\ When thfe relationship between the symbols of* language and the 

/syrabro'is-of%iatJti.ematics'*is considered, it is possible that verbal fa- 

cilitv with the language of mathematics or Tlh^uistic .ability .in math- 
*^ ' ' * . *' . ^ ' ' ^ 

^tnatics is a readiness factor for the meaningful learning of the ^ 

symbols of mathematics. ^ ^ ^ , , 

■ , ,• , • AN ANALOGY TO READ TNG 

.Similarities- beit^weeri. reading^and mathematics were' siinmiari'zed 
. by.Hickerson who statecf: • « r ^ - 

Since arithmetic is a-systera of symbolism jiist as . ' 
language is "a system of symbolism why shouldn't the 
accepted principles underlying the understanding. and 
use of /language - symbols appl^ to^^e. nnAtuistitlidlllg^?^ 
• use of arithTT>eti(5 symbols? It. is the writer'^s convicti 

fbat^they should apply. ^ . ^ 

Hickerson ^Iso emphasized the importance of* verbal facility with 

langTiage and arithmetic symbols" in these analog!^ fronr his list of 

—4 parallel implications for teaching:"- ' ' , 



Guy L. Bond and others, Pre-pfimer3, Three of Us, Play, with Us , 
Fun with Us, with Teacher's Guide. (Chicago: Lyons & Cam^han, 195A) , ^ 

" Miles A. Tinker and Constance^M. McCullough, Teaching Ele- 
mentary Reading (New Jersey,:* -Prentice-Hall 'inc . , 1975), p.> 97. 

J. Allen Hickerson; "Similarities Between Teaching Language 
and Arithmetic", The Alrithmetic Teacher, VL' (November, liSg*) , p. 241, 



^vembe^, 1^? 
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Language Is Learned Best When ' ^ Arithmetic is Learned Best -When 

« * • " ♦ . « 

'.Oral vocabulary aqd sentence Oral language is 

structure are acquired in rela- acquired, which represents in 

' tion to -the learner's -experience complete sentence ^orm the «• 

'by listening to and talking about ..the quantitative relation in 

the things experienced; problem situations ; 

"/v^ritten words are read as ' Written' arithmetic . 

symbols <5t.andin'g, for already'; * 'symbols ar-e introduced as short-; 

known spoken words; ^ . hand ways< of writing already 

^ / , , \ ' known spoken words 



Note tKat the written words or written arithmetic symbols • "stand for" 
or»"are 'Lntroduceci as short hand ways of writing" already known spolcen 



wo 



rds. Thas Hickersop implies that in beginning arithmetic-^^-^ 



begin>nin^ reading, the ability to verbalize l^e written symbols in, 
complete sentence icorm^ should be learned prior to the written symbols. 
Thi"^ couid 'be interpreted to mean that verbal -facility is a readiness 
factor that coptributes to the understanding of^the written symbols 
of arithmetic. < • ' 

Theories of language development confirm that verbal , or , spoken 

language ia primary and ^ that written language is secondary- and de- 

' . ^ . ^ ' ' ^ ' ' V ' 

• pendent on ^verbal language. The linguist Hill states that, '* -/sll- 

writing. s](stefhs are essentially representations- of the forma of speech,, 

rather than representations of ideas or objep^ts in the nonlinguistic 

world.", Hill gives several; reasons ^f or *this assumption. "First »^ the ^ 

fact tjiat speech is older than ^writing and second that all of today's 

communities of men have speech ,or language but not^ all have writing. 



8 « 
Hickerspn, p. 24 3 



J'' 



^Archibald A. Hill, "intifoduction to l,i|iguistlc Structures, From 
Sound to Sentence in English > (New YorlcT HarcOurt, Brace & World, Int., 
1958), p. .,2/ : ^ ^ ' ' ' ^ 



... . . "11. 

He also states that, "Written symbols can be understood, ^furtherjnore, 

^ ' y ' * 10 ' 

^insofar as they fit into a ^linguistic structure. . . There 'are 

animal and insect ^languages" that* are based on^ something ot^er. than 

- • • . * • *^ 

* sound; for example the language of bees, is based on body movements. 

Hill^^tates, however ,*^hat ". . . no human language is so constructe4- 

Even the manual language of the deaf is derived from the ^preexistent 

spoken language of ' th'e* community . " ^ \ 

The results of a research study by Tatham also imply that 

-wxilrten iatiguage-^^s— dependent on spoken Language. Tatham investigated 

whether cjiildren read better when the reading material is closely 

related to the children's oral I'anguage *Th^*study was restricted to 

second and fourth grade children. She found tlhat "a signi^ficant number 

of second .and fourth graders comprehend materiaL^vritten with frequent 

oral language patterns bette*r than material ^written with infrequent oral 

12 ' * 

language patterns,". Tatham concludes that . . it is logical and 

in keeping witli linguistic knowledge to use children's patterns of 

. ^ • 

Language structure »in written material to facilitate learning the 

.^concept that spoken and writteu, la-nguage are related. 

EducatjgxS' in language and reading education seem \o be applying 

-the Chgory that spoken lapgua'ge is pEimary arid that written symbols are 

Hill, p.. 3. . 

^hiii, p. 4. . \y 

! * • . 

- 12 " 

Susan Masland Tatham, "Reading Comprehension of Materials 

Written with Select Oral Language Patterns: ^A'Study-at Grades Two and 

^our, "^ Reading Research .Quarterly , TI (Spring 1970) , 423. 



13*' 

Tatham, p. 424- 
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based on sound symbols. When describing the teaching of reading., Alien 
stated: ^ ' * 

> \ If we are concerned with teaching reading, we Sio not 
now make the mistake of the teacher of phoni^zs whp puts 
the cart before the horse tby beginning with the written 
letter and talking about sounds as the powers or value of , , 
a letter. Instead^ by beginning where tj;ie child begins, 
with his already attained control of sounds, we procee^d 
with a systematic association between sound and visual 
- symbol "^^ * , 

It does nbt'seem to'be the case, however', that the relationship* 

between written symbols and oral sym1?ols is* used when ' teaching mathe^ 

matics. The investigator reviewed two widely used first grade arith- 

^15 ^ 

metic texUs, the Silver Burdett first grade text and the Addisonr 
Wesley first grad^ text. I-n these texts, the symbplization of ad-^ 
dition-and subtraction is introduced simultaneously ^with the concepts of 
addition and subtraction. Some verbalization of. number sentences' is ' 
suggested ^n the te'acher' s directions,;' but it is suggested that this 
verbalization accompany written symbolic number sentences. It is 
possible that an adequate oraVvocabulary of symbols and sentencels in . , 
arithmetic is ^an important readiness factor for the meaningful learning 
of the* written ,syTnbblizat ion of arithmetic as well as the written . 



-^^Harold Alien, "A' Pharos for the Institute ," The English 
Language in t^he School Program ,^ ed. RV P. Hpgan (Illinois:, ^National. 
Council' of Teachers of gnglish, l966)L„p. 5. 

' .''•^John F. LeBlanc and Qthers, Mathematics , Teachers Edition 1, 
(Morristown: Silver Burdett ' Company , 197^6). 

■^^Robert E. E^cholz and others, Elementary Schooi MathetDa1:ics , 
(Menlo Park: Addison-Wesley Publishing Company, 19 7 i) 
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syTnbolization of language. It was the purpose of this study to inves- 
tigate that possibility. 

' DEFINITIONS OF TERMS 

Meaning of the 'Symbol "a + b = c" or "a - b ^.ic' ' . 

'A meaning of the symbol "a + b = c,'" or "a - "ti = c/* is -pairing 
in cKe -mind of an individual of the symbol with some. action that is 
appropriate for Che symbol. The* appropriate actions are those which 
lead from a represe^itation of the'^problem to^an answer to the question, 
"How many are represented by Che symbol?" This definition was para- 



phrased from Fordham^^ with modificaCions as to the type of " operation . 

An example of an appropriate action for the symbol - 2 = would 

be to construct a set of four objects and remove a set of two objects 
and count the remaining .objects . 



Demonstration of the Meaning of a Symbol 

An individual may demonstrate that he^knows the meaning of a 
symbol in Qne of the following ^two ways: 

(1) Given a symbol or symbols., the individual must interpret 

the symbol or symbols by describing or carrying out an action that is 

apt!ft)pri^te for the symbol. For example, to interpret^ the symbol 

"6 - 2 = an individual must describe or carry out an action 

i ^ ' ' * . 

similar to one of th^ following: ■ ^ j: 

• •* (a) Construct^ or draw, a set of six objects and remove 

'a set of two obje'cts and count the remaining objects. 



^^Fordham, pp. 7-8. 



(b) Demonstrate, or draw, six jumps forward on a number - 
. line and two jumps backward and report final 

position.,. 

(c) Say, "Six minus orte is five, and one less is four.",^- 

* or, "Six/minus three is three, and on^^^re 4.^four.", ^ 

etc.'/ ^ . • ■ - 

(d) Construct, or draw, a set of sis? objects and a set 

of four objects and compare the sets; then state, 

"Six minus two is four." 
A 

(2) Given an action or description of an action which is appro- 
p.ria,te for a symbol or symbols, the individual must produce the symbol . 
or ^^^mboLs. Eor example, when shown one of the preceding actions, the 
individual m^st jJroduce the symbol "6-2 = 4." 

Readines's for the Symbolizatiori 'of a Topic in Elementary Mathematics 

Readiness for the syrabo.lization of a topic in elementary math- 
ematics is defined to^ mean the following: Given a topic in elementary 
mathematics, there are lists of objectives, the attainment of^which 
indica,tes mastery of 1:he topic. Omitting those objectives that are 
concerned with reading, writing, or speed of response,- a child is 
ready ,for the introduction of, written symbolization of the topic when 
he has mastered the objectiv^^of the topic verbally, perhaps with the 
'aid of pictures-tor martipulatives . 

Readiness for the Symbolizjation of Addition and Subtraction • 

The following specific definition of readiness for symbolization 
r ^ . 

of ♦acldition 'and subtraction is based on* th^ objectives used by the -V 



school in which ^he stu<Jy* was .conducted : A chijd Is ready for the 
symbolization of addition^ and subtraction when he has mastered the 
following objectives verbally » perhaps with the aid of pictures or 
manipulatives : ^ 

(1) Given objects or a-fL^cture that^illustrate the union of 
two aetSj^the student states ^the sum and, says the , - 
number sentence. 

(2) Given a collection -of objects^ and given verbally an 
additi6n number sentence, a 4- b » c, the student forms 
sets having a and b elepients respectively and illustrates 
the union of the sefcss and states the sum. ^ 

(3) Given objects or a prcfure that illustrate t^e removal 

'Or partitioning of a subset, the studeiit states the 

difference and says the number sentence, - i 
* 

(4) Given a collection of objects -and' given verbally a sub- 
traction number sentence, a - 6 =*c, student forms ,a, 
set having a elements and removes t)r partitions a subset 
haying b elements and states the«^ dif-ference . 

This definition of -readiness^ does not include operations on a number 
line or missing addend pro\)lem$ because the "to'p'ic" a's usually presented 
in the subjects' school jjid not include these items.' 

Readiness Test , ^ ^ 

The readiness test is a test bas^d on the objactiveS outlined in 
the definition of readiness for the intrqduction of addition and, 

■ ■ - \ 

subtraction. It was constructed by the investigator 'and used fo* 
clasiafy students in the stu4y afe "ready'Vor "not .rea^y." *ichild was 



\ 

\ 
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classified as ready if the child demonstrated mastery of the interns on 
the readiness test. A child was .otherwise classified as not ready ^ The 
test is included in Appendix A, and a further explanation of the test 
and ^mastery- of the^ ^ems is included in Chapter III. 



Posttest 

) • " , 

The posttest is a test constructed by the investigator to 
evaluate "the subjects' ability to interpret, produce, and give answers to 
addition and subtraction number seittences. The test is inclu^^' in 
Appendi^D and ^ further expl-^nation of the test is in Chapter III. 

Ready-delayed Group 

Ready-delayed group, or (tlD) , refers to the eight first &rade ^ 
subjects who were classified as "ready" on^the basis of the readiness 
test and wh(#experienced a treatment in which written symbolization .of 
addition and subtraction was delayed for five Keeks. - 

Ready- immediate progp 

Ready- immediate group^'or (RI) > refers to the eight first grade 
subjects who were classified as ^*ready" on the basis of the teadiness . 
test and who experienced a treatment in which written symbolization of 
addition and subtraction were introduced simultaneously with the 
concepts . - ' ^ • " 

" Not Ready-delayed Group, ' , 

Not Ready-delayed groups or (ND) , refers to the eleven first 
gr^e subjects who were classi-rt.ed as "not ready***on the basis of the 
readiness 't^est and who experienced a 'treatment in which written 
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symbolization of .addition and subtraction •was' delayed until the children 
were j^idged ready r >^ 

*> , * 

Not Ready-imm ediate Group * ' 

' ~ — — ^ » 

Not Ready- immediate, group, or (NI) , refeers to the eleven first 
grade subjects who were classified ^s "not ready'' on' the basis of- th^ 
readiness test and who ^-experienced a treatment in which written symbol- 
ization of addition and suitractipn was introduced simult;aneously with 
the' concepts. > 



STATEMENT OF THE PROBLEM' 



The purpose of this study was to investigate whether children's, 
readiness as previously defined influences the efficiency of learning 

' ■ , , ■ ^ ^' 

^and the meaningfulness of learning the written symbolization of addition 
. and* subtraction by first grade children. The influence is hypothesizea 
to *be in the following way: ^ n ' ^ 

(1) Children who have - not reached this state should learn ' . 
more efficiently and the learning should be more 
meanin gf^l if the symbolization is delayed until the;^- 

' , children have reached this state. 

(2) Childtren who have reached this state should learn more 
efficiently and Jthe learning should^^be mojre meaningfuj.. 
vif the s^ymbolizatioa is introduced immediately. 

STATEMENT OF HYPQTHESES , - , 

The definition of the demonst,ration of meaning given eaflier 
required that the student interpret given number sentences, produce . 



•18 ^ 

'> - \ • - 

numbe? sentiences when given certain actions on sets,. and state answer^ 

\ ^ . ^ 

to open number sentences in both cases.* It is assumed that 5^ studeat ^ 

^ ' ■ ' • . . . ' - =^ • * . 

who can do all three oX> the above for a given symbolic number s*entence 
demonstrates that the symbols are more meaningful to him than to a . ^ 
student who can do onlv one or two of the above. Thus to measure mean- 

V ' ^ ^ , . * 

in^fultiess, the posttest was divided into three sections: a section- ia 
whic^ the subjects were required to interpret number sentences; a 
section in which the subjects Were requLVed to produce number sentences; • 
and a section in which the subjects were required to produce answers to' 
open- number sentences-. The following null hypotheses were tested: 

(1). With students classified as ready by the readiness test, the 
time of introduction of symbolization, will have no effect oti students' 
ability to: . ' ' * * ^ . . 

^ a) ijiterpret addition number sentences. 

b) interpret suBtraction numb.er sentences. ^ 
iz) .interpret addition and- silbtraction number ^sentences. 

d) prpduc^ addition number sentences r ^ 

e) prgj^uce subtraction number sentences. - • ' " 

f) prqddce addi.tion and subtTaction ntimber sentences, x a 



g) state answer^ to addition number sentences. 

h) state answers to subtraction number sentences'. " , 

i) state answers to ^addition and subtraction number^entences . 
j) interpret; produce^ and staYe answers to addition .nuijibe.r 

sentences . ^ . ^ ^ 

k) interpret, pr^uce, and state answers to subtraction niimber 
"sentences. 



J 



student's ability to: 



1) interpret,- produce, and stat.e answers to adddtioh and' 
'_' subtraction number sentences. * ♦ tf' ' 

(2) With students classified as not ready by?t>he readirfess 

* « 0 

test, the tinje of introduction of symbolization will have no eff.ect on . 

a) interpret addition "number sentences. ^ ^ 

\ 

b) interpret subtractit>n number sentences. ^ 

c) interpret addition atid subtraction number sentences. / , * 

d) produce addition number sentences- 

e) produce subtraction number sentences. 

f) produce addition and subtraction number sentences. 

g) state answers to addition number sentences." 

h) state answers to subtraction number- sentences*. 

» ' r ■ ^ 

i) state answers to addition and subtraction -number seiij^nces. 
j) interpret, produce, aRd state answers .to addition nam.ber 

sentences . . ^ «. ' * ' 

k) interpret, produce, and state answers to subtraction, number r;^^' ' 
sentences . - . ' ' ^ 



fl) interprel't.', produce, and state answers to addition and 
subtraction number sentences.' ^ %^ 



SIGNIFICANCE OF THE STUDY 



J Today, the widespread belief in tha importance .of readiness is* i_ 
evi4ent in the fact that* most first grade children are grouped on the , 
basis ^(^V'^pq}?/ form of readiness test at the beginning *of the school 
year;" Child;ren who" are not ready for first grade wprk would ^thgn do ^ _^ 
essentially kindergarten work for a period of time. - ?he present sturdy—''-; 



was designed to provide further information in the area of readiness . 
for learning m^thematicsr. Tn ^^ticular, t)ie study will provide in- 
formation concerning readiness for tfefe meaningful learning of th^ 

4' 

1 ' ' . ^ ^ 

symbols or mathematics • 

The present study also provides direction for replication and 
parallel* studies., The^ definition of readiness utilized in the present 
study is easily adaptable to other topics at pther grade levels. 

Finally, work in the area of reading and mathematics has begun 
to form a link between concepts in reading oi; lai>guage' education and 
^concepts in mathematics education. - In ;tiie opinion o^the investigator' 
the combined efforts of educators in these two fields may have con^ 
siderable significance in mathematics education. The 'present study 
suggests an area of this common interest. 



V • Chapter II 

REVIEW AND ANALYSIS OF RELATED LITERATURE' ' . ^ ^ 

The purpose of this chapter Xs to*^^cribe and analyze the 
literature related to the "present [s.tudy . The present study was an-, 
application in the area of mathematics of 'a theory eoncernin^ readiness 
for learning the written symboli'zation of languajge. In order to apply a 
theory of readiness for symbolization of language to arithmetic, it w^s 

necessary to examine the similarities between language symbols and 

. ; . 1 ' 

arithmetic symbols and the learning of each. Hickerson sumiharized 

thes^ similarities.^ Some of the similarities wer^ noted in Chapter I; 

«a more extensive discussion will be presented h*^re. 

.Hickerson's statements and t;he rationale of the present ^tudy 

X - \ 

are based on the assumption that written language or written symbols -Are 
dependent on oral languitge or aral symbols, fhe^fore a disc^jz^sion of 
the linguistic theories, a research study, and physiological evide'nce 

»th.at support this a^sumpcion^/tflll be presented in th^s chapter. 

^ Since the present stu3sy wa« an investigationjof readiness sevr 

. eral theories of readiness for mat^fiem^tics, teading, and langqage will 
be digttissed. The emphasis, hoveve^, will be on the r^adi^ess theor;ies 
applied in rea(Jj.ng and language^-^^cation. : ^ " v 



"'■J. Allen 'Hickerson,' "Similarities Between Tearching Lingua^e 
and Arithmetic,*" The Arithmetic Teacher; VI (November, 1959),' 241. 
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1^ In the present .study, readiness for written symbolization of 

addition and subt/action was investigated in tenfis of a child's Mn- - 

. .« • 

ingf til 'learning of the written symbolization of addition and sub- ( . 

- -> , , < , 

traction. Jt was therefore necessary to precisely define '^meaning of a 
written symbol or symbols. The definition of meaning used here was , 
adapted from Fordham.^ A more extensive discussion of Fordham's defi- 
nit ion, and other definitions o& meaning will^e presented in this, 

N I ' . i 

chapter. "'^ ^ , 

The only study found in which ' syjnboUzation of ari^metic was 
delayed for^a group of children was by Coxford. A description of 
Coxfor'd^'s study and the relationship of Coxford's study to the present 
study wilT conclude the review*^of literature- [ - 



SIMILARITIES BETWEEN LANGUAGE AND 
' ARITHMETIC SYMBOLS . * ^ 

Hickerson expressed th^ main idea behind the present study when 

he stated: ^ « , ^ «f - 

^ • 1 * ' ' ' 

Since arithmetic is a system of symbolism, just as 
lang^dge is a system of symbolisms, why shouldn't the 
accepted principles underlying the understanding and 
, - use of language symbols also appl^ to thfe understanding - 
and use of arithmetic symbols? It is the 'writer's 
conviction that they should apply. ^ / . ^ 

• V 



biennis' L. ,Fordham, "An Investigation xjf Third , _ Fourth, - and 
Fifth "^Graders • Knowledge oE the Meanings of Selected Symbols Associated 
with Multiglication- of,'/ftiole Numbers" (unpublished Dqctoral , disser- 
tation, The University?)f Georgia, 19 74) , p. 8. . . 

« ^ ... 

' ' ' - ' , '■( 

Arthur (?oxfoE:d, "The Effect of Two. Instructional Approaches, 6n 
thp Learning of Addition'and Subtraction Concepts in Gcade' One" (unpub- 
iihed Doctoral dissertation. The University of Michigan,-1965) . 



"^Hickerson, p. 241»- -^g 
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The prfeseht study was an application of.sorae o*f these .princ/ples , those 

concerned with readiness, to the teaching of addition .ajid subtraction to 

' ■ V . - ' ' • ^ ' . . 

fi^rst grade children. ^ « 

Hi(;ker*son listed the following similarities between language and 
arithmetic^ symbols : . • '"^ , 

Language ^ n Arithmetic 

' -'^ « , ' 

^ 1) Language symbols (words l 1) . Arithmetic symbols 

or sentences) represent things, (numerals ^nd numbers with 

actions, ideas, relationships, ' operational signs) represent 

etc. , thi^ng^,- ac'^^ons , ^ideas , rela- 

' . ^ ' - tionships, etc. ^ 

' . ^ , 

2) The meaning of language ^ , 2) The meaning of arith- 

, symbols de^;;;ive[s] ^from that wjji^ mfetic s^bols derive[s]^ frgri?^ ^ 
they represent. ' "* 'that which they represent."^ . 

.ft ' 

^Hickerson implied that arithmetic, symbols (numerals, operatfon and -y 
relation signs) form sentences in ^uch the sa^ne way that lati>guage words 
are combined to make sentences. The meaning of a language s^ntenc^ or 
an arithmetic sentence is dependent on the thing, idea, action' or 
relation that the symbols represent. - ' «, ^ - 

Hickerson suggested that the wfittln words' oi; symbo'l^ stand for ,^ ^ 
already known s poke rr words ojf Symbols. 'Hickerson also implied the 
dependence *of written words or symbols on spoken wor<is or symbols |' in the 
'following list "^f similai^i^ies between .learndffi^ language , and learning 
arithiqet^^c:^ - 




•^Hickerson, p. 241. 



Learning Language , 



3) Listening -to-^poKen 
word-symbols^ singly and in 
sentences, which, represent the 
, tjhings, ideas and events 
experienced (teaming vaca-, 
biliary and sentence struetur^.O 



'4^ Representing things, 
ideas, atid events through oral 
language symbols^. (Learniag to^ 
express "seir and 't'elated 
experienced oirally . ) 



^5) ' Identifying^ written - 
' language-.syn±)ols and relating 
the^ to spoken d^nguage-symbols 
wand to firsjt hand experiences. 
V (Learning to read with meaning*) 



Hi(!kei;son implied that yritteh symbols 
when the ^child i3 learning to. read ari 



Learning Arithmetic - 

3) Listening to spoken 
' wof d-syinbols y singly ahd in 

sentences, 'which represent 
the' quantitative aspects', 
quaptitaJCive relationships, 
or quantitative problem-sit- 
uations found in th<* things 
and, events experienced. . 
^ (Learning the vocabulary and 

sentence structure used in - ' 
' describing things and what is 
happening- to things.) ^ ^ ' , 
• • 

4) Representing quan- 
' titative aspects, rela- 
tionships, an^problem' sit-'^» 

(uations orally. (Learning to 
' * ^ex^>ress orally in sentences 
the quantitative situation ^ 
learning to compute orally,^ 
and solve problem Situations 
orally.) 

^ 

5) Identifying written 
^arithmetic-symbols and. re- 
lating them to spoken word- 

^ symbols' and to first-hand, 
quantitative, experiences. 
- (Learning to read arithmetic 
symbols with meaning.)^ 

are rela^ted to spoken symbols 

£hmetic ,or language symbols, with 



^0 



meaning. Evidence ^to support this implication for. language symbols will, 
Ue presented beiow. When one 'examines the similarities between language 
and arithmetic symbols,^ the implication also seems plausi^ble for arith- 
"metic symbols < " ... ' , ^ 



'Hickerson, pp. 242-243, 
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DEPENDENCY OF WRITTEN LANGUAGE SYMBOLS 
ON ORAL LANGUAGE SYMBOLS 



The-^nguist Hill stated', "The final fact i^ that all writing 
systems are essentially representations of the forms of speech, rather 

,than representatives of ideas or ob-'jects in the nonlinguistic world/''' 
According to Hill, linguist,s and anthropologists assume that if the 
remains of any past community show .signs of social organization, the - 
conimunity must have had some form of language. Artifacts of such com- 
raunities have been found that are much older than the Remains ot any « 
communities that had writing. 

The theory that oral language is primary, and that written 
language is secondary and dependeiit on oral langauge,, is also supported 

• by Fries, 'a linguist whose special field is the historical and de- 
scriptive study of the English language. Fries states, "Language must 
come* first. ... In compa'risj3n with the tremendously ancient activity- 
of talking , the processes of writing and" reading are much later in- 

Subventions.' Fries also states that *"An understanding of the nature and 
functioning of language must form the foundation upon which to build an 
understanding of the derived processes of writing aad reading." A 



Archibald A. Hill, Introduction to Linguistic Structures, -F^om 
Sound to Sentence in English (New York:_Harcourt , Brace & .World, Ific, 
1958), p:' 2. . > - ' • ' ■ 

' . '[ '^J — • . 

^Charles C. Fries, Linguistics and Reading (Netw York: Holt, ) 

Rinehar t -and Wins tonV^Inc. , 1963), pp. IIS-^OLA. ' * 

* • 

^Fmtes, Linguistics and Rea^j-ng, p. 113. 
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discussion of the literature in reading education, which tends to 
support this statement, will be presented 'later . 

Tatham' investigated 'whether children read better when the 
reading material is closely related to the children's own language. A 
previous study on oral language pa^^e.ms of 'Second -and fourth grade 

ren was' used to determine "frequent;^" and "infrequent" oiral language 

V 

S ' • 

patterns. 'Two reading Qompxehension tests 'were developed. Test A was _^ 

corapiosed of frequent oral language patterns and Test B was composed of 

infrequent oral language patterns. All children took both tests but 

some children took Test A first while others took Test B first. The . - 

order of , testing was determined by random assignment. Tatham found 

that " a ^significant number of second and fourth graders comprehend 

material written with frequent oral language patterns better than 

„10 

material written with infreq^uent oral language patterns. 



The main conclusion of Tatliam's study was that beginning --feading 
materials should be written to more closely approximate the structure (^f 
a child's speech.' Her study also implied the dependency of reading on 
spoken language; chi4dr,en had. better comprehension of reading material 
which more closely approximated their own speech. 

There is also physiological evidence supporting the theory that 
written langiiage is dependent on oral language. Most people engage, in 
silent or implicit speech when they are reading. ^.•'Silent or implicit • 
speech occu'rs (iuring' reading when minute movements occur in the muscles 



• Susan Masland Tat;ham, ''Reading Comprehension of Materials 
Written with Selected Oral Language Patterns: A Study at Grades.' Two and 
Four," Reading .Research Quarterly , V, (Spring, 1970), 423. 




^ that would move if the same words were whispered or Said alot 
people produce the same movements in their^handS wliile reading. 

Davies reviewed and summarized- the' research .from 1868 to 1970 
that pertained to implicit speech an4 reading. He concluded that prior 
to 1960, ' ' ' ^ 

the accumulated opinions of specialists in the fi^id of 
readingCsupport the theory that .^implicit speech^ may ^id 
(reading) comprehension in the primary grades but -tnat it 
can be a deterrent to adequate rate in the Intermediate 
and upper grades. ^-^ 

However, in 1960 Edfelt reported the relsults of his experiments 

* with implicit speechj^nd concluded that "silent speech is universal 

during silent reading; it increases with the -difficulty of the material;/ 

12 

efforts to eliminate it should be discontinued." The review by Davies 

of the implicit speech research from 1960 to 1970 indicated that most of 

the researchers during this period agj^eed" with 'Edfelt. In hi^^ summary 

of the" research from that period, Davids confirmed the fact that^ 

^ ' -implicit* speech is a normal adjunct to the ^reading 'proces^i: 
that It^ is natural developmental comprehension reinforcer; 
and that, consequently,, classroom techniques for its ' repression 
should be minimized, if^ not abandojie<i altogether .^-^ 

The fact that ^ implicit speech accompanies silent -reiad^ing and 

that most researchers^" think silent speech actually aids reading 



^^William C. Davies, "Iir^icit Speech Some Conclusions Drawn 
search. "' Some Persistent Ques,tions on Be^ 
Robert Aukerman (Newark: 'International Associate 



from Research, "-So me Persistent 'Ques.tions on Beginning Reading , ed. 

Lation, Inc., 1^72) p. 173. 



' ^^Ake W. Edfelt, Silent Speech and Silent Reading ,- (Chicago: . 

University of Chicago Press, 1960), p. 154. ^ - ^ 

Davies. o. 17A » 
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^9pmprehension is further evidence that comprehension of written language 
is dependent on spoken language. 

, * READINESS , '\ ■ 

\ ^ • ' ■ • 

In-mathematics educartion, th%re -seem to be threfi main theories 

conce lining ,readiflf^s • Some educators subscribe to the» theory that 

V 

readiliess is a function of the cognitive developmfent of the child. This 

view of readiness was summarized by Shulman: ^ 0- 

To identify whether 'the child is ready to learn a 
particular" concept or principle, Q*ne analyzes 'the ' , 

structure of that to be taught and compares it with 
what is already known about the cognitive ^structure 
of the child at that age. -If they are consonant ,^^t 
can be taught; ^ if they are dissonant, > it cannot* ' • 

A second theory, t^hat, of Bruner, also considers the cognitive 

•development of the child but in addition includes the child',s readiness 

for different levels 6t the subject matter* Bruner' S sta'fement, . . 

any subject can be taught ef fectjtvely in some intellectually honest form 

•15 ' 
to any child at any Btage of development", characterizes this theory. 

» » «. • 

Bruner's position is- that one need not wait for the child to reach a ' 

certain readiness state, but -one may modify the material to be taught 

to copform to the child's immediate readiness state* Bruner further 

clarified hi'S" position- when he said, * . 



. 14 ^ ' — ^ 

Lee S* Shulman',* "Psycholagj.cal ConTroversies^ in the Teaching 

of Science and Mathematics," The Science Teacher (Septerfser, 196i8) 

pv 36. 

Jerome S. -Bruner, The' Process of Education (New York: Vintage. 
Books, 1963) , p. 33. •, . ■ ' 



"Readiness, I would argue, is a function ncjt so much 
of maturation - which is not) to say that maturation is not 
• important - but rattier of our intentions and ^our skill! at 
translation of ideas into "the language and concepts of the 
age we are , teaching. 

^ * 

A third theory, and the theo^ of read!ffness to which the present 
study is most close?5^ related, is that readiness is a function of pre- 
requisite learnings. GagAe described, this theory in the folloVing 
statement: ' * « 

Each leatner approaches, e4ch new- learning task wi^h •( 
a different collection of previously learned pr^equisite' 
skills. ^To be effective, therefore, a learning program 
for' each child must take fully into account what h,e knows 
how to do already and what he doesn't know how* to do 
already. "17 . 

,In reading ani language education, readiness is often viewed as 

a function of pre^-equisite JLearnings. downing and Thackray stated that 

. . . readiness does not necessarily imply that a'' (Aild 

achieves 'this state only through growth or maturation. 

He may also arrive at readiness through having completed •« 

the' prior learnings on which the new learnings will be 

based. -'•^ . • . - ^ 

One of the more important "prerequisite learnings"' necessary for 

beginning reading that Downing and Thackray describe is a well dev.eX.oped 

oral vocabulary. ^ . . • v. ' 



. ' ' " 'J . • ■ 

^ "^^Jerome S. Bruner, "On Learning Mathematics," The Mathematics 
Teacher (December', 1960), 'p. 610. 

* • ^ . — ^. - 

Robert M. GagAe, "Some New Views of Learning and Instruction," 
VP.Ki Delta Kappan, '(May , 1970) , p. 468. ' ' 

18 ' ' 

John Downing and^-D. V. Thackray^ Reading Readiness (London: 

-University of London Pres$ Ltd., *1972) , p. 9. ^ 
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Other educators in reading and langtiage education consider a 

child's oral vocabulary' or language, facility to be an important pre- 

* requisite for learning to read, 'Henceforth, wjien the terms "language 

facility" or "verbal facility" avk used they will refer to facility with 

spoken laaguage rather then written language. Accbtding to Bond, there 

is also an advantage in that "language facility is one of the more im- 

„19 

^pgrtant readiness factors that are definitely trainable." 

f » 

" Language facility is also considereji to be an important reading 
readiness factpr in the approach to the teaching of rjaading, learning to 
read through experience. This approach is- based on the argument that . 

' - r * 

meaning and understanding in reading must have their basis in the 

experience of the child. A child beginning to learn to read through 

experience will often have the optportunity to build his own reading 

materials; thus the child will be reading about his own experiences in ' 

his* own language. A different approach is also taken toward teaching 

phonetics. A chilc| is taught to symbolize his own speech so_unds rather 

than assign a sound to a symbol or symbols*. 

. . Lee and Allen* list the^ following as some of the basic as- 

ptions' behind the apiftroach to, learning to read through experience: 

Reading is concerned wi£h words that arouse meaningful 
responses ba^ed on the individual experience of the learner. 

Wojds have no inherent meaning. ' • 

Spoken words are sound symbols which arotise meaning * 
in the mind of the listener. , * • 




.19. ... 



Guy L. Bond and others, Pre-Primers, Three of Us, Play With 
Us , ' Fun with Us , with Teacher's Guide (Chicago : ^ Lyons and Carnahan, ^ 
1954), p. 18'.' . ■ ■ • " ' •• ■ 



Written words are .visual symbols* which when associated 
with known sound symbols, arouse meaning in th^ mind -of 
the reader ' ' * 

^ee and Am^ implied that it is -the spoken words that arouse meaning. 
The written wc/rds must first be associated with spoken words, and the 
spoken words then arouse meaning • Thu9 an adeqiuate spoken vocabulary is 

an essential prerequisite for a child to learn to read through expe- ' ^ 

» ♦ • ^ # • 

riertce, ' \ ^ 

Tinker and McCullough also emphasize the impqrtance or s-potcen 

^words in beginning reading. Tinker aad McCullough stated: 

For 'the beginner^ learning to read entails learning y 
that; printed symbols stand for speech. The child reads' 
/ when he says 'the correct printed words and recognizes ^' 
f .their meaning because of his, .previous -experience in 
. comprehending speech in meaningful sequence. He 
discovers that printed words "talk" sense, 21 

It is possible that the printed symbols of , mathematics as well as^ 

language^may lack meaning tos ma*ny children because the children lack the 

adequate verbal ' facility necessary to make the printed symbols talk 

sense," According to Tinker an,d McCullough, "Only when, the printed 

symbols stand for words used meaningfully, in his own speech is the child 

ready to read successfully," 

* « 

- - Harris d^efines beginning reading in much the s^me way as Tinker 

aiid McCullough, Harris stated: * . ' ' ^ < » '* 



* Dorris M, Lee and R, V, "Allen, Learning' to Read Tlirough 
Experience (New York: Appleton - Century - Crofts, 1963), p, 2- ^ ^ 

^■'"Miles A. Tinicer and Constance M- fJcCullough; Teaching Ele- 
mentary Rea[ding (New Jersey: Prentice^dll Inc-, 1975^, p» 7, 

Tinker and McCullough, pp, 81-82. • / 



We my dLefine reading as the act of ^responding with ^ ^ 

appropriate me^^nlng to printed or vrritten verbal symbols. 
' For the beginner, .\re^ding is mainly concerned with learning 
tojrecognize the printed symbols which represent speech 
^ . and tV respond intellecfcually and emotionally as he would . - 
if the material were, spoken rather than printed. 23 

* , IC seems, ^therefore, that many - ^earding experts believe sue- 

cessful reading is dependent on the Vhild^S 'ability 'fca\relate the* ^ 

'written symbols to 'spoken symbols. ' The spoken syT^bbW- provide. a link • 

between written symbols and the meaning to be assigned to the writtaen 

symbols. 'When this link is broken, i.e., the child does not haye . 

adequate- verbal facility, the child cannot assign meaning to the written 

symbols. For .this' reason, verbal facility is an important readiness 

factor for learning to read. When one also considers -the similarities 

between language and arithmetic isymbols and the learning of; each, 'it 

seems plausible that verbal facility in saying th^ words repres^n^ed^by 

arithmetic symbols might be a link between the" written symbols and 

c " ' * < 

meaning. Therefore, verbal facility with arithmetic symbpls i3 plau- 
sible, as^a readiness factor for learning to read ,and woVk with arith^ 
met ic -symbols . ' 

Some people may argue that ^arithmetic symbols arre a form of 
iaftguage bur are a foreign language. In learning. ^_^oxeign language, . 
verbal facility with thfvlanig4jii^e" is* also important. ^FrieS Cjon^iders 
verbal^ faciiit^J:'^^^^^^ in the learning of any newj^^langpage.'^ 

Fries states.: ' , <r - ^ 



^\lbert J. Harris, Ho^ To Increase Readjng^Ability^ (New^ York'fv 
Davis MqKay Company, Inc., 1970), p. 3. 



' No matter if the final result desired is only to • ' 
read the foreign language the mastery of the funda- 
mentals^ of the language must be through speech . The ^ 
spee^ch is the language. The written record is 'but ^ 
secondary representation 'of the language. To "master" 
a language it is"*not necessary to read it, but it is 
^ extremely doubtful whether' one can really read tfie . 

language without first mastering it orally ^ 

^ » 

In Che present study, arithmetic symbols will b'e viewed as partr 
of' a first Language, not a foreign language.^ However^ It is important 
to note that even if arithmetic symbols are viewed as a- foreign 
language, verbal facility is stiM a link between the printed symbols 
and their ^meaning. ^ * i . 



MEANING" 



•Since the purpose of the present* study was to investigate 
whether the attainment" of the previously defined readiness state affects 
the meaningful 'learning of 'the symbolization of addiuioti and subtraction, 
it was necessary, to^ii^s^de fine meaning of a symbO-1 



as applied to mathematic^h^^en*' clo^ to< 

B^rownell. According ' to Brownell, meanings muSt''bX>sougti.t^.in the 

mathematical relationships" of the subfifect itselfs; ±n '^ ^^ome^^p , , . • 
geqeraliz^tflrdns, and princijples. 



-The. tMBnn 'Waning" 
the wrijCiivgs of^ 



' A second definition of meaning, or meaning|^ l^SsHajing, Is ^thati 
of Ausubel who , states, "Meaningful learning taklf^ place if^ the' learning ' 



24, 



^Charles C. Fries, -Teaching and Learning Englishes a Fgrej-gn 
Language (Ann Arbor: University; of Michigan Pr^ess^\1945) p. 6. % 
/ ^ . * 1^ \ * 

^ '^\illiam^A.^ Brownell, "The flac^ of-^aning in the Teaching of' 
AritWtic."' Ele mentary' School Journal , XLVII (Januai^^ 1947), 257.- * 



is related tn^a nonarbitrary and nonverbatim fashion to the learner s 
existing structure of knowledge."" ' Neither Brownell's nor Ausubel's^ 
definitions are sufficiently precise to be used to assess meaning. 

A more precise definition of meaning was stated by Van Engen: 

^ In any meaningful 'situation there are always three 
elements, (1) -There is an event;, an object or an action- ^ . 

'In general terms' there is a referent. (2) There is* a 
symbol 'for the referent. (3) There is^ an individual to 
interpret the symbol as somehow referring to the referent. 
Thus in an arithmetic situation, the phr*se an apple" 
^is the symbol*^ Tfie -referent is the half apple., and -the 

' Vnterpretatic^n, (±1 meaningful, is the\ act of cutting the 
apple. It is iiriportant to remember that the symbol 
a^ays^c^ers tyO something outside' itself . 

Thus a symbol is nleaningful to a qhild if the child can interpret the 

symbol ats referring to an object or an action on an object. .It is pos 

sible to assessjwhether or not a child can interpret a given symbol. 

• Fordham-*-s definil^ipn of mearfing of a symbol dlso implied the — 

existence o^f a referent*^ and an individual to interpret the symbol as 

referring to the referent or an* action on the referent- Aoco^ifg to 

Fofdham, < ' — 

" ' ^ » ' . ^ /* 

A meaning- of the symbol a x b is^ a pairing in the 

mind of an individual, of the symbol with some' action 

that inappropriate for the 'symbol. The ^ppropr-iate^^ 

actions are ;those that pjrovide an answer to'tha ^^28 

question, "How many are 'represented by the^jrmbol?" 



;^*David P. Ausubel, ^'Facilitating Meaningfixl-Vj^|fJ)al Learning 
the Classroom,*' Teaching Mathematics: Psycho logiqttl Foundations ^ eds- 
Joe Cirosswhite and others /Wprthington, Ohio: Charles A- Jones- ^ 
Publishing Company, 1973r, .p. 150. -'f ^. 



Henry Van Tngen, ''An Analysis o£ Meaning in-Arithm^ic I," 
Elementary School Journal , XLIX (Februairy, 1949), 323. . ' ^ 
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For<lliam, "p. 8. 



* The. definition, of cleaning of the symbols "a + b »a c" and 
"a - b =^**^Si51i^ "^he present ^tudy was adapted* from Fordham's defi- 
nition. It shpuld* be not«d rth-at Fordham's definition and the definition 

used in ,the present study were defined operationally, -thus providing a 

• » 

basis for measuring meaning or* lack of meaning associated with a symbol 
by ,a child. Fordham stated that "in order to demonstrate that he kr^^ows 

a meanfng of a symbol, an individual must either carry out or describe 

' • ' 29 
some action that is appropriate for the symbol/* The child is thus 

deSidnstrating ^at the "pairing in his.mi^d" of the symbol with the 

referent exists by iTiter[3reting the symbol. In the present study, a 

^hild could also demonstrate' that the sam^ "pairing in his , mind exists 

by producing 'the appropriate symbol yhen given a referent or actio^^ on 

the referent, ^ 



THE 'COXFORD 5TUDY 



Description of the Study 

In 1965, Coxford conducted a study in which he taught six^ 
classes of first grade .children fox the full schqpl year- The main- 
purposes of his study were to investigate the effect of two instruc- 
tional approaches to teaching subtraction ^and the effect of Immediate 
versus decayed symbolizatidn on first grade children>s arithmetic- 
achievement. Since only the investigation of the time of symbolization 



29' • ' / 

^Fordham, ,p,* 8. * • ' 



^.^)^h^lr Coxford, "The Effect, of Two Instructional Approaches 
on the Learning off Addition and Subtraction. Conp^pts in Grade One" 
(unpublished. Doctoral dissertation. The University of Michigan, 1965). 



is directly related to the .present study, the instructional aW^oaches 
will be described only as Treatment 1 and Treatment 2, and the results 
will not be discussedfl 

^ Six classes ijn three elementary schools participated in the 

study/ Previous acMevement data showed that four classes were high 

# * * 

ability and two were low ability- Separate analyses were done for the 

/ , ' .: - 

low and high ability classes. , V - 

- The four high ability classes were assigned to one of the two 
^ • . • \ 

treatments a^d were designated as an early or late symboliaation group. 

The 4ow ability classes were assigned to one of th'e' t^o treatments; 

l|p^e was designated an early and the other a late, symbolization groups 

The assignment of treatments and time symbolization of the six classes 

f - - - ■ - . 

are illustrated in Figure 3. ^ 



•High, Ability Low Ability 



Time .of 



^"^N^ Symbolization Treatment. 1 Treatment 2^ Treatment 1 



Early 



Class 1 Class 2 Clas^ 5 



Late Class 3 Class 4^ ^ y Class 6 



^ y Class 



Figure '3 

Diagram of Assignment of Classes to Treatments 
•In Coxford's Study 
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In the^early symbolization classes, written symbolization of 



addition and subtraction was introc^ced simultafleously witii the concepts. 
In the late symbolization classes, written symbolization was delayed for 
s-ix' weeks. During- this time, the class'es used the phrase "number 
sentence**^but did [not use words such- as "plus,"' "minus '* or "efquals." 



r^rio during thi^ six* week delay,' the late symbolization groups were 
exposed to written number sentences qf the form "A and B is C* -and C 



take away B is A." In the present study, the delayed groups of children 
^ alsb used the' phrase "number sentence," but used the words "plus/* ^ ' 
Vminus" and^ "equals "and we^re not exposed tp written niomber se^ntences of 

^ - I . 

apy torm; ' , * 

With the higfi ability classes, no • s\Lgnif icant differences in 

% : • f \ - 

mean arithmetic achievement; were foi^jnd between the early and late syrn- 



bolization groups except in the area of problem solving. The early sym- 

bolization classes scored significantly higher on-pro,blem solving than 

/ . • 31 • ■ \ ^ 

the late symboldzation classes.' ^ \' . 

Wfth' theXow ability classes, no statistically significant 



\ 



differences were founcLin mean arithmetic achievement, Howev^> the 
children in the late symbolization class had consistently greater 
achievement scores in subtraction application and transfer than did the 
children in tlje ' early symbolization class. The mean differences, were ^ 

statistically., reliable individual differences were controlled ^by 

' * > * 32 - ' * 

the results of the LorgerThorhdike Intelligence ^Test . , . • 

Coxford also stated 'that "observations made throughout the year 
f \ - ' . * \ ' ' ' 

in the lower ability •iate\^symbolization class and inythe TA [Treatment 2 



late symboli2fat^6n' class suggested th^t .the' delaying symbolization 
facilitated immediate' learning. " u . ^ 

Relationship to the. Present Study ^ . ' . 

m Co'xford recommended that '\ m the effects of symbolization 

should* he, studied further b^cause^ of immediate difficulties with the use 
of mathenjatical symbolization and betause more symbolization is entering 
eleme;ntary school ^(nathematics curricula." The present study implements 
tliat recommendation, utilizing a precise definition of readiness for 
symbolization. ^ ^ 

The main difference be.tween Coxford's study and ^ the ^present 
study i«s ^hi|^ consideration of a child's readiness for symbolization. 
Jhe delay of • symbolization in Coxford's study was similar to the 
treatment given t,he ready children in "the delayed symbolization g^roup of 
The present study. .That is, symbolization was delayed for a prede- 

■ / ' ^ • * r / „ ' 

cermined number of w^e^ks. However, in the present study, the- not, ready 
children in ^he delayed symbolization group had symbolization delayed 
until the children were determined .to be ready. Thiis the time of d^lay 
varied: from child- to child. ' *. 
^* ' Vt is. possible that •-many' of the high ability children iri 

Coxfbxd's stud^' were readj 'for symbalxzation-^cording to the definition 
of readiness used' in the present study.. This could have^ accounted for * 
r-tRe higher performance of the ear^.y symbolizabion classes jaspecially „ in 
•problem solving. It is also possible that manyx<ft the. lower ability \ 
children in Coxford'-s study were not ready for symbolization. This 



•^^oxford, p. Cpx-ford, p. 103". 
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* could have account^ for the higher pe'rformartce of -the late symbol-- * 

ization class, It^should be noted, -however ♦ that symbolization was^ • 

* 

delayed for the lower, ability children for a predetermined si,x week 
'period, A child's readiness for symbolization^ was not considered in 
Coxford-'^ study. , « ' ^ 

The analogy "between learning ^o read language symbols and • , 
'"arithmetic symbols, Ungtijistic ccmsLderati^ons,' physiological evidence, 
opinions *Qf experts in rea'ding , and the '^results of a research study lead 
^to the concLju^ie^n that a child's ^erbal facility with mathematical 
.-'symbols may be an Important prerequisite for the ch^ild's meaningful 
^ learning ot the symbpls. This study was an attempt to explore that area, 
'in Chapter III, the ej^periraental procedures ^and statistical analyses 
use4 in' the study will be discussed. ^ • . ^ - * . • ^ 



Chapter III 



Subjects, instr-oments, and research design 



. ' The first purpose of this chapter is to describe the subjects 
who participated in- t^he stu^y anci ,cfie' curriculum o^ the ^ubj^cPs^' ^ 
school: The second purpose^ is to describe the j^esting instruments and ^ 
lesspn piens/used in the study. Th^ finH^^rpoJe"^ is to describe the 
'research design, i^e., the se,le.ction of ^subj.efet^,^ the/ assignment of 
subjects to treatments^ the treatments, the gatheririg of data for inves- 

ligation o'f the hyj^theses, and ehe statistical methods^ used to analyze 

• * ' , ^ ' » *^ * 

the data, ^ , / ' • * ^ ' 

THE SUBJECTS AND THE SUBJECTS' SCHOOL CURRICULUM . 



The,, Subjects ' * . . ' \ ^ 

.... ^ ' * ^ ' ^ ■■ \ ' 

J The subjects wete 38 first grade 'studeiits in David C. Borrow 

Elelneptar^ School in "Athfeus ,_Georgia\ When the stqdy be§an in September, 

19^75, the .subjects -ranged in age from five years nine months to , six 

years ten months, > Oi th|^ subjects, 18 were female and 20 were male. 

Deviation Intelligence Quotient (DIQ) -scores from the Primary- .11 

level of the Otis-Lennon "Het^tal Ability Test were available for all - 

subie'cts* These scores, have a mean of 100*and,a standard deviation. o,f • 

/ • • • ^ • . : - ' • 

16 ^points.'' The mean DIQ^score of the subjects was^ 109 ,66- with a 
standard deviation of 15. J4, The ^DIQ scores of the subjects ranged 
from 80 to* 155./ ' r'^ 
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The Curriculum, of the Subjects* School . 

\ 

During the school' year preceding the pr,esent study* (1974-1975), 

< . . ' . *• . . ^ ' 

the first grade mathematics curriculum of Barrow School was based on. the 

objectives of the Individually Prescribed Instruction (TPI) mathematics 

progr'^m. The IPI instructional materials were 'npt^sed, but the 

teachers designed and shared^materials for their classes using the IPI 

^objectives' as a guideline. ' f . r < ( ^ 

^ * The -IPI objectives are divided into seven- levels , labeled^ from . 

lowest tc^l^highest A; B, C, D, F, and G. First ^.graitie students making 

average progress' were expected to have mastered the Level .A objectives 

by the\en6 of the school year. These objectives are indluded in 

Appendix E. o ^ ^ 

The Level *A objectives were partitioned into the following . 



sections : 



(1) Numeration and Place Valu^ 



(2) Addition ^nd Subtraction ' . , 



(3.) Fractiqhs 



(4) Money - ' ; 
("5) tim,^ , . '■ ' ■ 

At'^a^meeting, witl) the fijat grade teachers in August, 1975, it 

./ ' ■ '' . 

.was agreed that the IP.I objectives a^d. teacher 's il>strtictionai« materials 
would be used for the first topic, Numeration and TPlace Value. The IPI- 

* " ^ . ■ \ • ^ ' ^ 

o&j^ctives for 'this tt>pic were limited to the digits zera thrpugh"^nine. 

It\*7as agi^eed that when the teachers decided most of the first grade 

children -had mastered the IPI objectives for this topic,: the present • 

study would' begin. ^JThe teachers also agretd to use the instructional 

* ^, _ ^ * ^ • * 



materials and objectives prepared for the present study . -fie .all students 
in the first graSe. ' ^ » 

' ' TESTING INST'RU^ENTS'A;^D LESSON PLAN^ • 

The Readiness Test . • T . ' 

As noted in Chapter l/a child was defined. to be^^eady for the 

* * 

fntroduction of symbolization of acjdition and subtraction when he had 
mastered. the fallowing objectives verbally, perhaps with the aid of 

. ■ ■ ^ ■ ' i 

pdctures or manipulatives : 

(1) Given objects or a picture that* illustrate 'the Union of two 
*sets, the studerft states the sum and says the number sentence. 

(2) Given a collection objects, and given, verbally an addition 

Tlumber sente'nce a + b = c, where a, b, and c are small whole numbers 

les^ than 1 0, tke student forms sets having, a arid b elements respec-> 

^ \ 9 * . ' ' ' ' 

ti^ly; ^llustrates the union of the'two sets, and states th^e sum. 

^^^2) «Given ol^ects or a pictyre that' illustrate the removal or^parti- 

\ - ' * ' X 

-tinning of^a subset, the student states- the'^difference and says the^ 

number sentence. \ ^ ^ ^ * . . ' 

(4) Given a -collectdLon of objects and given- verbally as- -action 
numl5er sentence,* *a - b ^ C, where a, b, and c are small whole m5|lbers^^ 
l^ss than I'O and b < a, the student f^lqgsNa -set haviag^a elements and 
removes or partiti'^s a subset having X) elemetlts and "^tat'es the dif- 
ference . . ^ • - ' 

, A readiness test, ba^ed on these four objectives^ was con-^ . 
struqted by the investigator./ This fest was. used in the initial stages 
of the study to classify subjects as *'ready" or "not- ready" for written 
symboiizatioHr of 'addition and subtraction. A child waS classified as*" 



"ready" if the child demonstrated mastery of all items on the readiness 
test. A child was-otjierwisre ctassifTed as '"no't ready/* , * n 

During the montft of September, 1975, the first grade children at 
,Barrow, School were administered two tesfs as part of the Project for the 
Mathematical D^evelopment of Children (PMDC) . These tests included the. 
key Math Test , ,an ' individ^ially, administered mathematical' diagnostic * 

.test, and the PM6C Test, an indiyid-uarry administered test prepared by 

AC- ^ 

gMDC. To. avoid haying^to -disrupt the school^'schedule with a thitd long 



, individualiv^-admnisterad- t^st , s'elec^ted items from the Key Math Test 
and^the PMDC Test "^ere u'sed^sr.pa^t of the rea*dineS«L test. :]ine items 
were selected from th^e Key Math Test , and four items were .selected from 
the PMDC Test that were judged to partially assess subjectsl mastery of 
objectives .one and two of th-e -def ifiition of readiness given in Chapter 
I, The- n^ine items from the Key^Math Test required a subject to state a 
sum or difference yh6n given a 'picture s-timulus accompanied by a story,. 
'The four items from xhe PMDC Test required a. subject to state a si^^r 



difference .when given a story stimulus. • / ^■ 

A brief interview was designed by the investigator to "further 
^^siss subjects' n\astery of obj,ectives one and*two and to assess 
subjects* mastery of objectrives three and four of .£he definition of 
readiness, Xyo items required a subject- to say number sentences and 



Austin J. Connolly, William* Nachtman, and E. Milo Pritcnett,^ 
Key Math Diagnostic Arithmetic Test (Circle Pines: American Guidance 
Service, Inc., 1971). ^ ^ < 

2 ' ' ■ * ^ ' 

Project for phe 'Mathematical Dev^lopmtot of Children, "Mathe- 
matics Tes't^^ Grade V\ PMDC, JJorida State University, Tallahassee, 
Florida , unpublished , S'eptember , 1975 . • . 
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Is - * 

state sums or differences whea .given a picture stimulus (Items I^and II) • 



Four items required a subject to manipulate objects to interpret a given 
number sentence (Items III,a, Illb,' IIIc, and,IIId). Two iteqis required ' 
a subject to state a sum or difference^ when given a picture 'stimulus 
^' (Items IV and V) . * , c \ ' . v 

Tfie total readiness test iiltluded, the selected items* from the 
• Key Math T»st, the i^MDC Test "and the interview prepared by the inves-'* 
-itigator. The objectives of the definition of readiness and the 
readiness test\^items are included 'in Appendix A, A child was classified 
as ready for the introductiy>n of symbolization of addition and sub- 
traction if he correctly, cinswered all items on the readiness te^tv 

*The, Posttest — ^ , 

/ Since the' ptirpos'e 'of the present study was to investigate the 



^celations^fip between children *s readiness for written symbolization and 

' . . 1 ^ ■* 

their meaningful learning of' the written symbolization, it was necessary 

to de^lop a means of assessing the meaning assigned to written symbols 

\ ~ ' j> * 

by _the^ subjects t ^ ^ . ' • 

* As noted in Chapter I, ah individual may demonstrate ^^hat he 
'knows the meaiting of" a symbol by one of the following two ways: (1) Giv^n 
a symbol, the individual must interpret the Symbol 'by ' descBibing or ^ ^ 
o carrying- put an action that is appropriate for -the .symboL. (2) Given an 

" 4 . -^^^^ ' 

action or description of an action that is .appropriate for. a symb(^% the 

individual must p roduce the symbol. • . 

• ' ' ' ^ A- ' - 

When the symbol is an addition or subtri^ction number sentence, , 

* _ • ' 

it is also necessary that the individual state the correct -.sum or 

difference. , It is assumed that the child who can do all three of the • 



abovi, i*.e., interpret*; produce, and state the answer, for a given sym- 

bolic number sentence, demons trdtes* that the symbols are more meaningful 

to him than they are to a child wh^can do only one or two of the above. 

Therefore, to measure meaningfulness , a posttest was designed to assess 

a subject's proficiency in three areas: production of number sentences, 

interpretation of number sentences, and statement ^of answers to number 

sentences^ " * * ^ 

All possible combinations of st^.muli and responses were coii- 

.sidered in the construction of '.the posttest ; Jhowever , some combinations 

were omitted to reduce the length of the test, ifie' combinations 'of 

stimuli and response dncluded'on the posttest are ill\astfated in Table 1. 
• -» ♦ . 

Items were included in the posttest requiring subjects' to in-* 
'terpret given number -sentences ,'*^produce dumber sentences, and state ^ , 

answers to number sentences. The i>tem numbers and number of items ^ re- 

- ° • 

quiring subjects to interpret, produce, and state answers to number 

sentences ate presented in Table 2, Ta^le 3, and Tab'le. 4 respectively. 
The posttefit is i^ncluded in Appendix D. • ' ^ * 

The Lesson Plans ' • 

3 ■ 

A unit" of lesson plans and activities was developed for the 
study by the 'investigator . Tlie unit consisted of 63 activities, based on 
/the Level A IPI objectives' ^f or addition and subtraction. The nine ' 
objecjzisves for the unit, the correspotiding IPI'*objectives a^id the . ^ 
activity number^ for e^ch objective are included In Appendix B- 
Each activity was divided inta tlie following ^sect^ons : 
{X) Concrete- plGt-ori-al (CP)*: Lessons in the concrete-?pictotial 
sections involved"the use of concrete objects or pictutps/- The lessons 



Table 1 
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Combinations of Stimuli and Responses 
on the Posttest 



'1 



Production' of Answers 

Possible Stimuli Possibly Response Combinations 

, , * Included 



(1) verbal, number (a) verbal 
sentence / 

(2) written number, (b) written 
sentence 

(3) story problem ^ ^ 



1- a . 

2- b 3-a 



Combinations 
Omitted 

1-b 3-b 



Product;ion of Number Sentences 

Passible Stimuli 'Possible Response 'Combiriations 

• Included 



(1) objects (a) verbal 

(2) pictures (b)^ written 

(3) story problem • 



1- a 1-b 

2- a. .2-b 

3- a 3-b 



Combination^ 
Omitted 

none 



Interpretation of Number Sentences 

Possible Stimuli 'Possible Response Combination*^ 

• Included ^ 

•(1) verbal number (a) picture 1-a 1-b 
^ sentence 

(2) written number -(b) objects 2-b 

sentence ^ 



Combinations 
Omitted 

2-a 



Ta 



Item Numbers and Number of Items on BosStest 
Requiring Interpretation of Verbal and ^ 
* Written Number Sentences 



— 4 



Addition.: 



Interpretation 



Subtraction: 



^- Interpretation 



Objects 



Pictures 



Number SentSftce 





Verbal' 


f ' 


Written 






Vlll-l-b 




Vll-a 




Objects- 


VIII-2rb 
V-l-b 










V-2-b 


(4) 




(1) 




• 


♦ 

(0) 


Vl-a 




Pictures 




Vl-b- 


(2) 













Verbal 



Number Sentence 

.^Written 




Total; 



■plumber Sentence 



.tntexT^retation 







*VlilT)l--b 


.. Vli-a 


1 • 




. V-2-b 


,.VIII-2-^> • 


■ Vll-b \ 




Objects . 


y-3-b 


VIII-3-b 








V-4-b 


(7) 




(2) 






• 


Vl-a 




pictures 






Vl-b" 








VI-c 








(0) 


Vl-d 


* 



Table 3 



Item Numb'ersVand Number of^^ems on Posttest 
Requiring >5roduction/Df Verbal and 
Written Numbei7 Sentences 
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\ 



Addition: 

Verbal 
Number Sentence 

Written 

"Subtraction: ^ 

Verbal 
Number Sentence . 

* Written 



Stimuli 



u 



Total 



' Verbal ^ 
Number Sentence ^ 
' Written 



Picture Story Prablem Objects 


ii-i -^iii-i 

II-2 ■? ' > ^ 
(2)1 (1) 


IX-1 

• 

(1) 


! ^ 

iv-i ^• 

IV-2 ' } III-2 \ 
(2>L^ (1) 


1 

i 

' IX-4 , : 

• . (1) ! 


> « , • • * 

Stimuli ' 
Picture S^ory Prdblem •. Objects 


II-3 
II-4 

_ _ .__(.2) 

IV-3 
IVt4 • 

(2) 


III-3 • 

(1) 


IX-3 .- . *\ 

m 

(1)! 


III-4 


IX-2 . i 
' <!)! 


... _j . — 

. Stimuli 
i Picture, Story Problem Objects 


1 >II-1 II-4 ' 
i II-2 

; 1 1-3 ,• ^ 
i L CAL 


III-L . 
III-3 

(2) 


IX-1 
IX-3 • 

(2). 


; iv-i - iv-4 

IV-2. 
lV-3 ^ 

.. ' . X41. 


'iii-2 

' III-4 

^ « 


IX-2 
IX-4 

(2) 



ERIC 
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Table 

Item ?5umbers and Numb<er of Items on Posttest 
Requiring an-Answer to Verbal' and 
Written JTumber Sentences • ' ^ 
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Addition: 



Response. 



Stimuli • . . ' ' 

.Verbal " Written Story ^ 

Number Sentence Numfet^Sentence Problem 



Verbal 



Wr.it ten 



I-a 
I-b 
I-c 
I-d 



Vlll-l-a 
VIII-2-a 



! III-l 
I III-2 



(2) 



V-l-a 
°V-2-a 



IQii. 



Ml 



(2); 




Subtraction: 



.Stimuli 

Verbal' - Written^ ^ ' StJry 

Number Sentence* Number Sentence Problem 







- I-e 




VIII-3-a 




III-3 








Verbal 


I-f ^ 




* 




III-4 








** * • • 

Response 

Wr^ten 


' -I-g 


-jCAI 




(1) 


( 


(2) 










V-a-ar 
V-4-a ^ 




* 










1 


(0) 




(27 




(0) 






Total: - 






. ■ Stimuli 











Verbal 



Written 



Story 



Response 



Verbal 



Written 



_ \ 

.I-a I-e 
I-b .I-f * - 

I-g N 

-T-d I-h' f8) 


yiii-i-a 

V^I-2-a 
vflI-3-a • 

> (3) 


risLc2' 

III-3- 

III-4 ^4) 


* 

i . ■ • ' 
i % (0) 


V-l-5>^ 
. V-2-a. X. 
%-3-a' ** 

V-4-a . (4), 


0 K 

' (0) 



*were designed 1>e pondiic^fed i^^a verbal mode with emphasis on verbal- 

^ ization on'^he part of^thp teacher an4 the students as a group. "Written 

. . ■ • ' ' - . ' • ^ 

5^ ^^lm^\s were not included in these lessons. • - .^ 

(2) *erbal (V^- Lessons in the "verbal' sections involved oral 

responses p«cimarily on the part of the students. The lessons .were 

|*jdesigned to, .encourage the students to s^y ntmber sentences when "given 



acti^^^»>~ftXMpicj:ureg illustrating 4he number sentenci^s and to encourage 



" students to -interpret given number sentences by describing or demon- 
% strating actions appropriate to the number sentences. 



^ . (3) Symbolic CS) : Lessons in the syW^olic sections involved written 
^ svmbols. These lessons were designed to* be similar to^ pages typical o^ 
first grade arithmetic texts. * - , ^ 

Many 6f the verbal (V) 'lesson plans^were marked with the phrase, 
'*Jlastery indicative or readiness obj, V^^ appropriate .ob- 
jective of t^he ^unit was inserted in the blank. If a subject mastered ^« 
-one of these activities for, a particular unit objecti<5re on two con- 
secutive days, he was considered to'-be ready for the introduction of the 

symbolization for that obiecti've^^. Sajnple activities from the' lesson 
. * « ' » ^- - . ^ 

plans, called the teacher's manual, and sample ^worksheets a<re included 

r. • , X, ' ^ ' : 

in Appendix C. , ^ . , ' ° « 

THE RESEARCH DESIGN - . ^ * ' . • . - . ^ 



The S election of. Subjects . ^ T • ; ' • : - 

■ > " — r-y^^ ^ • o < ' 

. ' During the month of September, 1975,^ the inveijti|§tor admito; 
istfered the interview section of the -readiness test .to 66^ ^irst ^rade . 
children ^t Barrow School, Scores on the selected .Key Math. Tesf 'and 
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.PMDC Test itebs were also obtjained" f of the 66 subjects. ^These items 
were combined with tyhe interview items to form the 21 item readiness 
t^st^ Of the 66 subjects tlfted/l7 subjects successfully answered' a^.1 
21, items. Tlvese 17fsubjects were classified as ready for vTritten sym- 
boiization and the /temaining 49 chi Idreri- wer£ classified as 'not ready'; 
£or written symbolization. ^ . ^ ^ 

, ' r 

^ The Assignment of Subjects to Treatments ^ \ r 

J Key Math Test ' t^tal raW scores- were obtained fcrtr^the 66 

subjects. The -ready children were paired on the basis of thfese^^sfcores . 
Except"**for one pair, th\ Key 'Math Test total raw' scores of each pair did 
not differ by more than'^.6 points, i.e., two times the standard er jjj^ - 
of measurement 'for th^ scores according to the Key Math Test manual > 
This pairing procedure .resfilted in eight pairs of- ready children.- Oi;ie 
member of each pair was randomly \assigned to a delayed symbplization 
group (RD), ani the other member was assigned to' ijmnetliate symb'ol- 
ization group (RI) T^e Key. Math Te^t raw score of e^ch subject in e^ach 
group and the. mean Key j^gi.Test total raw score for each group are ^ 

0 « 



raporteS in Table -5. 



^ Th& not re^dy subjects were pafred on the -basis of the readiness 
-te^t ^corfes and. Key^Math T^st total raw scores. Between each* pair-|of . 

scores, a difference of one point was allowed , on 4:he readiness test 

** • ^ f. - ' • \^ 

Wcores and; again a'dif fe/^nce of 6.6 joints was allowed between the Kejj. 

* - . « ■ ' ' ■ ■■ • _ ; . ■ 

Math. Test scbre"?( This' pairing procedure resulted in ll'^airs of not 
ready subjects.' 'xhe remaining not ready subjects could not be matched, 
One member from each pair was* randomly assigned to a deliyed syinbol- , 
lization group oCND) and the other member was assigned to air immediate 

.... V, 



Table 5 



Ready Subjects 
Key Math, Test Total Raw Score o'f Each Subject 
^ and 'Mean Key Matji Test Total Raw 

^ , Score for Each Giroup * 



3: 



Ready Immediate Group 
(Rl) " ' 



Ready Delayed ,6rbup 
\ /(ID) 



Subject 



Total Raw Score • Subject 



Total Raw Score 



R-I-JL \ 
. JRI-2 

RI-4 . 

,RI-5 

/ 

- RI-6, 
■ RI-7., 
RI-8- 



80 
'^75 

71 

59 
. 55 

52 



t 

49 V 



48 



RD-l- 

4 

RD-2 

RD'-4 
■■RD-5 

RDr6 V 
•RD-7 
. RD-8 



74 
69 
-66 
65 

" 63 

; 54 

52- 
. 52 



Mean 



61.12 



Mean ^ 



61;87 



symbolization group (NI) . The readiness test score and Key Math' Test " ^ 
total raw score for each' subject in each' group and the mean readiness 
test score and- Key Math Tesp tofal raw score of each group are reported 

^- "~: — V 

in Table^.6/ r , ^ , / . ' 

* _ • 

The overall method of selection of subjects and assignments of 

subjects to treatments is diagramried in Figure 4. The selection and 

assignment of subjects was accomplished in September, 1975. During this 

time, the subj^ct^ were working on thij IPI' objectives for numeration and 

I 

place value under Che directiort -of. their regular teachers. 
'The Treatments 

At the time' of the present st,udy,^ Barrow School had four regular 
first grade 'teachers , tw^^ai des , and two interns f'rom/the University of 
Georgia elementary education program. All of these people agreed. to 
participate Hn the instructional part of the 'study* In addition, the^^ ^ 
investigator and a doctoral student in mathematics education .at the 
University of Georgia als^p^ participated in the instructional part of the 
study. The teacher aides were assigned g^ou^js^pf students who were not 
dn the study aiy ^who needed remedial work with numeration".. Thus ^the 
eig^if/instructors in the study included the four first 'grade teachers,, 
two interns, one doctoral student, and the investigator- Each of the 

V 

four treatment groups was divided between two of the eight instructors, 
. There were foQr .treatment groups in the study: 'the Ready Delayed 
"'"Symbolizatj^on group (RB) , 'the^Rea^dy, Immediate Symbali^ation group- (RI)', 
the Not Ready Delayed Symbolization group (ND) , and the Not Re^dy 
Immediate Symboliz^tiQn gjroup (t^I). Additional first-grade chii'<iren 
who .were not Included in the st:g% were assigned to the various groups 



/ 
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Table. 6 



Mot Ready Subjects \ 
^ KeV Math Test total -Raw Score arid' Rfeadiness Test 
Score of Each Subject and Mean 
Scores of Each Group ' 



Not Ready Immediate Group 



-Not' Ready Delayed Group 
(ND)' • 



^Subject ReadAess Test .'Key Math ' Subject 



Score 



NI-l • 


17 




) 


'NI-3 


' 16 


"mI'-4 


' 15 


NI-5 


• 14 


MI-6 j 




' NI-7 ' 


7. 


NI-8 • 
*- 


• •• 7. 


NI-9 


' 6 


NI-IO 


• 5 




4 




Test 5core 



Readiness. Test Key Math 
Score ' Test Score 



57 


ND-1 


17 

f 


57 


49 


ND-2 


17 


'. 5.3 


40 


NDr3 , 


■ . .15 

■V ■ 
15 ' 

14 


• 41 


39 
42 


ND-4 

t 

Np-5 


' . 40 
43, 


31 
■27 


ND-6 
.ND-7 . 


12 

' r 


J; 


29 


ND-8 




29 


3,4 • 


ND-9 


i 


31 


31 , 


ND-lt) 


5 


35 


31 


' • ND-ll 


. 4 


31 



» Means 



10.90 



37.45 



Means 



10.82 



• 37.91 



ERIC 



:•■ 1 





-> 








Excluded 




> i 


Subjects 






Subjects 






that 






could not 












matched 








• 








• 






" t 




r 

^4 



>*ot. Ready 
Delayed 
Symbolizatlon 
Grouo (KD) < 



Np-l ' 
ND-11 



Not Ready ' 
lamediate 
^k^^gbolizatlon 
cVot^^ (NI) 



NI-1. 





Ready ' 
Immediate * 
Sym^oll^atlon 
Group-" J(RI) 



RI-1 
Rl-8 



, Figure 4 

piagram of the Methods of Selection^f Subject* and 
As^^gnaent of Subjects to Treatment Condition* ^ 



by .the teachers^ _TheLinstr"uctors/of all treatment grbups Used Dhe unit 
on addition and' subtraction -prepared for the study, but the time of * 
introduction of symbqlizatio^ was varied for the different groups. 

Each of the four treatments was ^onducted^^multaneously for a 

' t V 

12 'week'. period. The RI and-'NI groups were combined for instiructional 

purposes ; these two groups were taught by four regular teach'ers' at • . • 

Barrow School. , The subjects in these groups experienced a treatment )^ 
■> ■ . 

which written symbolization of "addition and subtraction was introduced 

« . . ■ „ ^1 • ' ' ' . 

simultaneously with'the concepts. These gToups were therefore similar 

■Jlf^ » -4 

•» : • ' 

to control groups since, in the typical first grade curriculum, a concept 

and its symbolization are usually .in'troduced . together . The subjects in 

the"RI and 1^. groups wprked ail thre^-^ectiohs of eachl^ activity, the 

concrel^e-pictorial , the verbal and the symbolic- sections . ■ " ' ' ■;f 

'The subjects in the RD groyp were divided between the two 

interns for 'instructipnal. Purposes . ' The subjects in this group expe-' 

rienced'a treatment in which wyt<:en sy^olization was delayed for five 

weeks. ' It.,;5&s origirvally p^^ned t^at the symbolization be delayed for 

six wee!cs,.but dbservaticyhs- during the fifth week /indicated tha^he 

subjects j^ere .becoming bored and frustrated- Th^^es^lET^^ 

the concjete-pictorial and verl^l sections of activity during the 

five week (Jelay^geriod*- ' the end of tfid five; week d^ay, the subject^ 

worked, the previously skipped symbolic sections of each activity. For^ 

the remainder ^£.. the stiidy, t^ese subjects worked. all three secD>ionff of 



• I- 



' each activity. * - ^ 

' * \ The subjects in the* ND group were .divi-ded between the inves- 
tigator and a;doctoral student for insttuctional purposes. The subjects 
in this gro^p eicperienced a treatment in whrich written symbolization 



wa'^ .delayed for each subject until the subject was judged to be ready. 
A subject was judged to be ready for the symbolization df each of the. 
nine lObjectives of the instructional unit when he had demonstrated/ 
mastery, on t-wo consecutive' days , of a verbal section on an objective 
that was marked with *the phrase, "Mastery indicative of readiness 

ob j . ^Ideally, once a Subject demonstrated mastery of these 

sections ,)the written symbolization of the objective would then be 
introduced to the .subject. However, for practical reasons, this intro- 
dactlon was sometimes delayed for a few days until several other 
subjects were nidged to be ready. Puring the delay peri'od^ these 
subject3 worked only the CP \nd V sections of each activity. -When a 
subject had mastered an objective verbally, he then worked the pre- 
viously skipped S sections of activitfes for that objective. The 
subject then proceeded to the- activities for the next objective, but 
again worked only the CP and V sections until the objective was mastered 
.verbally. • . ^' 



The Data a^d t;J|^e Statistical Methods 



After tfie twelfth week, th^posttest was administered ta aL3^ 
*. * ' • ' ' * . ' " 

subjects. Scores on 12 sections of the po^ttest were recorded for each , 
subject, 'EacTi score was related to o*ne of the 12 null hypotheses listed 

in CHapter'-I. For example, the score related to hypothesis l-^a or 2-a 

was the number of addition niimb^r Sentences correctly interpreted. 

Each null hypothesis for both ready and. not reaciy subjects was "tested by 



• 58 

< * 1 ' 

the WilcDxon Signed Ranks Test procedure described by Conover. .The'^ 

.hypotheses were. tested at the level of significance a= .05- 

Confidence intervals were also c ons t r uc t e d o r~ each"qJE^ t he 
twelve null hypotheses for both ready and not ready subjects^ The '90% 
and 95% confidence intervals were constructed by a geometric con- 
st;/fuction procedu»e described by Conover. ; » . 

.' ' Al-though the activities f^p'"^S^unit ^included some a'ctivities. 
on missing addend number .sentences , i.e., number sentences of the form 



3 + ■= c or a - = c; none of the subjects in the present study had 

been introduced to these .activities at the time of the posttest. The 
postcest contained six items-'^hat recfui'red work V/ith missing addend ' 
number sentences items I-i, I.-J, 111-5-3, -Ill-S-b, IV-6-a, and IV-6-b. 
The data f^^r these Ttemfe were analyzed separately from th'e^data far, the 
other items in tie posttest.. „The Wilcoxdn.'. Matched Pairs Si^^ed • Ranks 
procedure described by Conover"^ was used to^test 'thV nuil hypotheses : ^ 
- 3.-a: The'ti/e-of intrpduction pf symbo ligation will' have no e,ffect 
car ready subjects" ab^ty to st^te answers t:o.and produce missing ■ ^ • 

addend number sentences. ^ . ^ .. . ' 

3-b: The tim^ of intTodtic-£.iori of >ymboli2ation will hav^" no effect 
on ncit ready subjects' ability to' state answers to and p'rodUce' missing 
addend* number sentences. < 



■ ^W- J. Conover, Practical Nonrparametri c Statis^tic^UNew York: 
•John Wiley and goiis. Inc.;- 1971) "pp. 206-215. ^ . ^ 

' Cohover,,pp. 216-22?:; 
' • ••^Conover, pp. 206-215. ... '% ' 



A record of the number of- activities worked for e%ch unit 
objective by each student was collected. ;frhis dat§ was to be used as a 
measure of efficiency of learning. ' ^-6 

Summary ' . ^ 

€he subjects were classified as :ready<'Or not ready on the basis 
of a readiness test designed by the investigator.' The subjects were 
paired and one .member of each pair was .randomly assigned to a delayed y 
svmbolization group 'and the other member w^s assigned to an immediate 
symboliXatioR group. » The immediate aymbolization ^roups^ of both tieady 
and not ready subjects experienced a treatment In which written symbol- 
i^ation ofCddition and subtraction was introduced simultaneously with^ 
the concepts. The JLlayed symboltzation group of ready subject^ ex- 
perien^ed a treatment in which written symboli»tion was delayed for ^ 
five weeks. The 'delayed 'symbolizat ion group of not readiy Subjects 
experienced a 'treatment in which written symbolizatioti was delayed until . 
' tHe subject.s were judged to be ready. ^ ► ^ 4^ ' - 

" A posttest designed-^to measure subjects' mfeaningfM learning was 
administered to all subjects- It. was hypothesized that trhe ready, 
subjects- in the immediate symbolization group would demoa^trate that the 
symbol's were_more meaningful to them than t;he subjects in fhe delayed-^ 

symbolization graup. It was also hypothesized that t4ie not ready 

' " ^ " '~ ' ' ' . 

subjects in the delayed symbolizapiofttegro up would demonstrate that^the. 

' symbols were more" meaningful to them Chan: the sujpjects in the immediate 
.symbolization group ^ ^ ^ ^ '1 I 

^ Additional information was collected during the stxiAy for ' 
^ploratory purposes. This information" Included audio . and' video tapes of 
many of the instructional sessions, subjects' records and inst.ruc^a,i*#^ 



V// tl*. * 



s': 



1, !''>iV 



notes for each' lesson. . The- use of this information in..tl^ exploratory^' 
aspects of- the stirdy will be discussed ir> Chapter V>The statisticai./:' 
analyses of the data, tlfe results of the hypotheses testiivg', - and t^e* 
'confidenc'6 intervals for each hypothesis will be p|^esented in Chapter IV. 

4* . . * ' 



.i • 
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Chapter IV^ 



ANALYSIS AND .INT'ERPRETAi lON.OF THE DATA 



The purpose of this chapter is to describe the statistical 'anaj.- ' 
yses \f. the data and to describe tlio use of these analysed to test twelve 
null hypotheses related to meaningful learning of both re^ady and not v 
ready subjects''. A dit^cussion ul' data collected conc;^eming? e'f f iciency of 
learning/ aKd the analyses of data collected concerning missing addend 

- I A" ■ ^ ■ . 

problenjs wil^^ also be presented. . \ 

THE ^§ADY SUBJECTS / 

The Research Hyp^'theses 

The research' hypothesis related to the ready subjects ^is that if 
(a st'udept^ is Veady- for .symbolization of addition and subt.raction, he^- 
, Will learp^the sytubolization in a more meaningful way if tl^ .symbol- 
za'tion is lintroduced immediately rather fhan if it is delayed. The 
reasoning behind tRls hypothesis is related to the previously .defined 

. ! ' ' . * ^ ^ ' 

readiness state.. If the attainment of the. readiness state does effect 

■^'^ the course- of learning ahd the. success of instruction, the learning of 

a^student wlio has .attained this readiness state would be more meaningful* 

^If th^ syrabolization is introduced to him immediately. A delay in in- ^ 
• ♦ ^ . '* * 

• troduction would be inefficient. 

/ • \ ' ^ 

In the -present study, a subject's meanlirgfxrir'leaTnl'tig of the / 
^symbolization of addition atid^3,ubtractj.on was assessed irt ternls of the 
^. . . • ' • 61^. 4- ^ - . . . • 



0 



subject's ability to interpret, produce, and state answers to number 

sentences. The post test used in the present study vas designed as a 

' ' n * 

measure of a subject's ability to interpret, produce, and state answers 

to number sentences; thus the posttest was a measure of a subject's 
meaningful learning of the written symbolization of addition and sub- 
traction. It was assumed tha.t >5ubject A demonstrated that the symbols 
of addition and subtraction were'mcu:.e meaningful^ to him than to Subject 
3 it: (1) the total posttest score of Subject A was higher than the' 
s-c^re of Subject 3, or (2) the score of Subject A on on^ section of the 
posttest was^hi^her than the score of Subject B, and the reverse was 
not true on^-any other section of the posttest; . If th^ score of Subject 
A was higher^ than the score of Subject B on one section and the reverse 
was true on another section, only the total postxest score could be 
used to determine which subject demons tr^te^d^ that the symbols were more 
meaningful to him. ^ ^ ' 

^ Information concerning the research .hypothesis was gained \>y 
testing the foLlowlfng .ndll hypotheses using the data from the two ^ 



groups of ready subjects: 
>^ 

(1) For students classified as rea4y on the basis of the readiness 
test, the time of introductio,n of symbolization will have no effect on 
students.* ability ^o: » . ^ 

a) interpret addition number sentences. 

b) interpret subtra<jtion number sentences. ^ #: 
• * c) interpret adflR-ion and sub^traction numbed sentafices. 

_ _d) 2J^pdi/ce adddi^Hjf* num*ber sentences. 

e) produce Subtraction number, sentences . 

f) produce addition and subtraction number sentences* - 
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g) state answers to addition number sentences. 

h) state' answers* to subtraction nurfiber sentences. 

, i) state answers to addition and subt*raction number sentences. ^ 

0) interpret^ produce, and 3tate answers to addition- number 

\ sentences, * , 

. ! • 

* k) interpret', produce j ^and state answers, to subtraction' number 

sentelice^. ' ' - • * ^ ^ 

1) interpret / produce,' and st'ate Answers to addition and sub- 
traction number sentences. 

The Hypbtheses Testirjg ' . •* 

Scores 'on 12 sections of Ghe/posttest were recorded .for each ^ 
subject'T^ Ea^ of 'the 1"^^' scores of a subjeipt was related to one 'of the 

, \ * • . 

^ s ' * 

12 null Kypot|ieses. For example, the score relatfed to 'Hypothesis 1-a 

•* > 

was the number of addit. " deotences Correctly interpreted. ^ The 

' . ' , -1 

scores of .each, subj'ect related to each hypothesis ^is included in Ap- 
pendix F^ • For^ each hypothesis , .th6 data"" consisted of eight pairs of 
scores^ (X^^> Y^). (X^, Y^)* . . % , (Xg, pg^,^where',X^. Is the ^core of 

the i subject in the delayed symboiization group (RD) , and Y^ is the 

th * * .^^ * 4 • 

score of the i subject in the immediate symboiization group (RI-) . ' 

Each. null hypothesis was^testeH by the Wilcoxon Signed Ranks 

Test procedure described by Conover.^ In the'model for this procedure, 
. t ' • * * < «■ 

the populat*ion median of the differences, X^,. is .denote^d d ^q. 

Each D has a probability of .5 of exceeding^d -y. ^nd a \probabili^y-of 



,5 of being less than If d ^Q>\0,.then each has a probabilit;y ^j^;/ _ 



^W. J. ConoVerP -Practical Nopparametric gtati^ti'tc^'. ,.j(!$ew. -Y^^ ' - 
John Wiley and Siins., -^Ina, , 1971) {)p. 206-215.. ,JJt,;;>iiV';;. J .v-^' 



^ ^ ^ \ — ' . ^ V ' ' . - ' 

of .5. of being positive; i.e., the Y^_score rLs larger, tnd a probability 

* of* .5 of being negative, i.e., the X^'scord^is larger. 

The following are listed'by Cpnover. as' the assumpftions of the 
* . <x • * 

model for the'^^ifcoxon Signed Ranks TeSit : - \ . ' ^ 

(1) Each D. is a continuous random variable," 

'^n practice, no rftea^ured random variable is continuous because ^ ^ , 
^of the finite, capacity of measuring instruments. However:, ea,ch 4s a ^ 
measure of a difference between two subjects' abili0 to interpret, 
produce, or state answers to number sentences. Ability is a continuou| 
variable, thus each D. is a measure of a continuous variable. \ 

(2) The distribution of eacTi D is symmetric. * " . ^ # 
Each D. is a sample from a population dis.tribution. Sinc^e one ^\ 

member of each pair of subjects in this study was Randomly assigned to a 
treatment, .each has a p^bability of .5 of being less than zero and a ^ 
probability of .5 of being greater than zero. ^ Thus the probability dis- ^ 

tributjlon of each 'D^ is symmetric about zero. ^ _ 

T • / . 

(3) The D.'s are mutually independent. - / { //^'' ' . 

•■ I 

The scores X artd Y are mutually independent measures; thus 
11 • 



each D. = Y - X. is mutually independent. - , 

' " ■ • :.■>:••'.• 

' • (4) The D.'s all have tb'e jS^ame median. 

The probability distribution of each D, i^as^the me^iati'/zero . 
Thus all the D^'s have. CT^ fame probability distrihutiort ^.^^^ 



zero. >!.-.. ;. \. W -.^f^-'' 



V;*J,.Vv?T-V.;vr ' Conover, p. 207. ^ • v*^.!- 
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(5) The measurement scale of Che D.'s is at. least interval. 

The ^dis tance between twcv-D. 's may be expressed as a number of 
units; thus the measurement scale of tthe'Dt's is at least interval- 

The fojllowing statistical null and alternative hypotheses were 
useci "to ^test each of the twelve null hypotheses:, ^ - 

The alternative hypjothesis may be stated as, "The values of the X^'^s, , 

the scores of the* RD group, tend to be larger or smaller th^in the Y 's, 

the scores of t^ie RI group." If it were found that d < 0, it would 

be assamed that values of the X^'s tertded to be larger tl||k the ^lues 

the Y^'s. If it were found that d > 0, ^^jMjm^ be ass^fSied^cHat the 

values of the X. 's tended to be smalTer than the values of the*Y. 's. \ 

Using the data for each of the' hypotheses, the ^differences , 

D^ = Y. -'X., were* computed for each pair of scores, and the D 's were 

ranked without regard to sign. The tes||, sta^tistic\T was the sum of the 

ranks of the positive D. *s and-N was the' number of D.'s npt equal- to zero 

the test statistic T was compared with quantiles W and W of the 

3 , ' ' ^ - 

Wil^oxon .Signed Hanks Test stat-istic listed by Conover. The. value of 
N and the comparison* quantiles W and W ^ are presented «cin Table 7, 

Summary . ^ . * 

None of^tjje'l;twelve null hypotheses concerning the effect of the 
time of introduction pf syrabolization on ready st.tjfents*-* ability to 
interpret ,.. produce pf -State answers to aldditibn or subtraction^number 



Table 7 



The Ready Subjects _-/^ 

* < • • 

Thfe J/alues of N, the Test Scacistic T, and the Quantiles 
\ W atid W for Each Null Hypothesis ^ 



Hypothesis - * 


TasK 






W 

.025 












'O's 


. 1-a 




Interpret + 


•J 


3 


^1-b 




incerpreL ~ ^ 
— 




'8.5 


0 


* > 




incerprcL ■ » 


Q 


' 16 


1 


• 1-d " 


< 


Produce ,+ " 


4 ■ 


J. 5 


•0 






Produce - 


4 


3 


0 






Produce- ^ » 


5 


10.5 


^0 ■ 






Answer '+ 




13 


l'.. 


l-h' 




Answer - 


6 


10 


1 


1-i. 




Answer.-*-, r 


8' 


20 




i-j 


Interpret^- 


Pro'dyce, & Answer f 


7, 


19' ' 


"3 


1-k ^ 

* 


Interpret, 


Produce, & Answer - 


8 


" 22 






Interpret , 


Produce, & Answeft +, - 


7 


22 


• ,3 



Decision Rule: Reject d = 0 at level_ of significance a . 

' if the valu6 of T exceeds thfe value, of V or 



less" than '^^-^25: 



sentences, or both, were rejected at tj|j|^^level of significance a 4|-05r 
Also, none of the twelve hypotheses would' nave been rejected a^^t-^^ 
level of significance = 10. ^ % ' 

'As previously note^, a measure of- a subject's, ability to 
terpret, produce, and state answers to addition and subtraction ni^nber 
sentences' was used, to assess the-'Subject ^s meaningful learning of jkhe >^ 
written symbolizat ion of addition and subtraction number sentence^. - 
Therefore, the results of "the-hypothesiS testing do not support^the 
research hvpothesis th^c the'time of introduction of symbolization will 

' ' ' ' ' ' ' ' .1 

affect ready students' meaningful learning of the written syin^?oli3:ation 



of addition and' subtraction. 



THE NOT READY SUBJECTS 

The* Research Hypotheses ^ > ' 

^ The research hypothesis telated to'the'not ready subjectsQi's, 
that* if a student is not re&dy for symboliz^ation of addition and '^1?- . 
traction, he' will learn the., symbolization in a more meaningful way. if 
the symbolization is delayed until the student is ready. The reasoning 
behind this hypothesis is also related .to the previously defined* • , 
readiness ^ state. If non-attainment. -of this readiness state dpes effect 
'the course of learning and .the success*^f instruction, the learnfng.of. 
a student who has not attained' this readiness state should Be more mean- 
ingful if the symbolization is delayed until..]:he student is'jready. - 
ijhe same assumptions, those" related to the'as^essment-of the 
meaningful learning of Subject A versus Subject that were made f oV • 
the'. ready subjects also applied to the not ready subjects. Information 

• i ' « 
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abouc Che research hypotheses 'was giined' t^V testing the following Wl 

hypotheses*: ' ' v ' * 

(2) For students^ classified'as not ready on the basis df the . 
• readj-ness test', the time of incro.duction of symBolizatjion will have-no 
effect on students', ability to: < , ^ * • 

' ."^ ' (a) interpret' additfon 'number sentences. v> ^ * 

^ * (b) intdrprec subtraction fiumber sentences. . 
""'V ' . iitterpret addition' a^id subt;-action^ number sentences. - 

*(d) p'rodvice ^.addition .niimber sentences. 

• . » • ' * * * 

(e)' produce addition aumb^r, sentences^. ^ • \ 

--^ ' \f)_oroduce addition. and sub<racti*on ntimber sentences. - 

/ (g) stat-e. answers to ^ddi-.tion number sentences^ 

(h) state" answ^ers to subtraction nv;^^er "sentences . 
^ - ' . "(i) state "answers to'addition and feubtractigtn ^number sentences. 
. ^^(j) interi^ret, produce, and s.cate- answers tio addition number 

• s^qtences./^ ' ^ . * 

• (k) .interpret, produce, and state arlswers to subtraction numLer 

. sentences 

• '* 

4 ' 

'(1) interpret-, produce, and. state answers to pdd;Ltidn'. an4 / . 

',•1 ^ ' ^ ^c ' 

subtractison- number sentences. ' • ' . ; . 

The H^potneses Testing • " t 

• Scores on I2'sectsi6ns of the "^postte^t vere' recorded fqx each A 

sub.iect. Asvwith the ready' subjects , each-^-coTe was related t.o.orie of ■ 
. ^ . , ■ . ' ■- ' • ■ . . ■ , ^ ' •* 

' the 12uiull h'ypothHses., Tftiis for each -hypothesis , the data consist4d^^» 
■ ^ - . ■ ■ - '^-f 

of eleven pairs of ".scores . j/X.^. ,': -Y^) ,.■ {^.l^^'^^i,- • • , Y^^)-. . 

X^'is the* score 'ofJ-che i^-'^^u^jlit ii^t^e deiay^-s^mboli^ation grou?^ _ 



(NDif, and Y. is the score of the i"^^ subject in the immediate symb6l- 
izacion group (N'l) . • * . ' * . 
* Again,, each null Hypothesis was tested by the Wil$:o:^on Signed . 

Ranks Test procedure described bv Conover^ The following statistical 
nutrhnd alternative hypotheses were us^d to test e"ach of twelve null 
hypotheses: ^ ♦ / ' \ 

- N ^ . H- : d ?^ 0 * ' • 

1 .oO 

/ ^ . ' • * 

the same procedure used to obtain the test; statistic T and the value of 

Nfor the ready subjects was used for the not ready subjects. The value 

oftttie test sC/atistic T, the yaLue of atid the comparison quantiles^ • ^ 



^vv^^- and w' are presented in Table 



'SumniaVy 



^ The nlill hypotheses 2^a, 2-b, arid 2-c>^re rejectsed at the level 

>" 

. 0-5 significaVcl ci = ;(J5. ' The small values of the test statistic T for* 
these. hypo,Cheses ,^ i-^e., the value of T was les? than W ^25' indicated 
that d < 0.* This Implies that the values of the x!'s, the scores of 
^. Che ND group i tendea ,to be larger than th_e valu^ of the Yi*s, the scores 

of the NX group. These results imply -that with Wifients classified as 
wHOt reaqy; the tiij^a of , introduction of symbolizatibn. had an effect on 
students* ability to:- " , ^ 

(a) inteirpret addition' -number, sentences. , . * - , 



(b) . interpret S4ibtraction njimber sentences. 
\c) interpret addition-'^and , subtraction* number sentenjces. 



4 - 

CSTnover, pjT. 206-2 L5 .« 



Table 8 
The Not Ready Subjects 



V in 



The Values of N, the Test Statistic T, and the Quantiles 
W and' W for'&acli Nuy: Hypothesis 



Hypotheses 
2-:a ^ ' 

2-c 

2-f . 

t 

1-9. ■ 

:2-i 



2-k 



V 



■ ^ Task •■ ■ .N 

, * r . Iriterpret^+ , 'S 

Interpret -r » • * 10 

« Interpret +\' - • • n 

.Produce + ..' .9 

Produce ^ ,9 

Produce +, -• 10 

, ^.-Answer + . 8 

An^er +, - f 

"Interpret, Produce, &. Answer + 10 

Interprec, "Produce, & Answer - 10- 



-3.5* 
. .6* 
7* 
14.5 ■ 
8** 
11^5 ' 

■ 20 
• 20 
16.5 
17.5 



^.025 

■ -4 ■ 

9 « 

^0.1 
6 

• 6 » . 
9 . 

f 

■ — 4. . 

4 

\ 3""" 
^ 9 . 
9 



In terpret/yf^ducte^NSi Answer + - 11 



4-3**" 11 



7 



32 . 



46 
53 
39' 
39 
46 
32 
32^ 
.25 
.46 
46- 



Decision Rule R^Jj'eqt jj^: d =,Q . at ' level of signif i,cance a = !(1)5^ ' '"^ 
. i*f the value- T exceeds j:he valtfe of .W,^^^ oris ^ess ',^ 



than the value 6f W 



.025. 



*Hq: d 50*^'*^* rejected at level^ of si'gnifi'cance a = .05 . ^ . . 

d ="p would have be^ri ^rejected ^t level of significanc'e a = .10 
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<5 



The null hypotheses,' 2 -d 2/-'e , 2^f, 2-^, 2-h, 2-i, 2-j , 2-k., an 



2-1 were not rejetted at the leue^of -significance a = .05. Hypotheses ; ^ 
z'-et 2-k, and^2-l were rejected at level of significance a = .lU*, ! 

reviouslgf iibted, a measure of^.a subject's ability to in- ! 

S !■ ' ' ♦ 

terpret ^-produce, state answers to Edition and subtraction number 

sentences was used to assess the subject s meanijigful learning of the 

jTwr^tten symbolizat ion of addition and subtractiori- Although the^time 

of introduction of syrabolization did not have^a statistic'^lly significant^^ 

effect on not ready students' ability to produce or state answers to 

*' . . 

' ' ' ' ^ ' >* 

nunber sentences, it did have a statistically significant effect on 

' ' ^ ' » - . 

students' ability to interpret numoer' sentences. Thus,- the results or ^ 

the hypothesis testing support, in part, the researc^i hypothesi.s th^t 

'ft . ' * ' ' . , 

the time of introduction of symboli^ation will affect not ready .students' 

ineaningfuf learning .of the written s-j^olization-af addition and Sub- 



traction. 



CONFIDENCE INTERVALS 



^ , Confidenc^a intervals were also cpn^^ucted tor b£'*the' > 

>' twelve. jTull hypotheses/t^f .>otfh ready ancj- not ready subjects,.__'I5^ con- 
- 7- .- ' ^ f'ici^t^ce? 'intervals :wep.*:C«nsj:.ruc ted ^y,.a^ g cQnstruc^on pro^, ^ 

- ^ / V -^'*cedure' described <by Conov^rf 'Trtteifvals-' formed in .this v^a^ ^ave a 



.-j'^'^rbbabilij^j^^'of I '^^^ of, containing fhV trufe ^jJar^e 

X*' - % \ ^ 'A^'Sre-viouslv, .des(fr:Q!be^, Ghe^ dat'a^for'^e^gjSH' hypothesis consisted 
;:/^|A?oK'"p^a^^ (X. ) ,^ wi\fr5;X is jbhe scor ' ' 



-^^r' ^^Cfa^bVer, p^. 216-2 2 2.. #i . 



I" 



of the'' i ' safi^ect ; 
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\ I th 
in the delayed symboliz^tion and Y is tW score of the i subject in ^ 

/- 

the immediate ^ymbolization group. The differences, = ~>fi' 
weVe computed for each pair^ of s<;ores, and the population median of the, 
differences wa§ 'denoted d -q- * The model ^r the coaridence- intervals 
Jfeserts thac 'if d " '= 0, each.D. has- a probability .of • 5 of being^ 
■ positive, i:e., the Y. score. is larg'er, and" a" probability o? .5-of being 



the* Y *s. The assunrotions 
1 * - 




negative/ i.e., the" X. . score is larger/, f If d < 0, 'it would .be 
asg-umed'that the values of the X\''s tended to be ikrge^ than the #lues 

* * 1' , - 

of Che y". 's. If d > 0, it 'wo.uW be. assumed that the values of the 
.A.'s tended t;o be smaller than tbej ^ 

*©f the model are the ^^e-^^ for the wn^o^con^-^^Sis^ 

Ranks! T^st . ' . . * ^ • " " " ^ 

■ Confidence intervals' ^e re Qoastruct^d that.-have a>probabiUty of 

'951 and a .orobabilitv of 9(J% of- 'containing the true 'parametet d 
v(L < d < U) ■= /:*95 -and 7 (L - d ^„ < U) =• .90'. The -up^ 



.50 



.50 - 



bounW L aa'd-U, pi. these .conftcience. 'intervarls for^aC^ of the twelve,, = ^ 



hvDotle^es relatfing- to '):e^dy,%i(x4^^ts arte li^^^g^^^ahle 9 . ' 




All of ^these 'cQwfidence-.injtierval^, both, the 90% and 95% 

. J- .- - ' • ' - . ^ 



t^'rvalsl . c6ntaLned* zera. ,-This, was -consistent ^with the. f^ct -tl^it ?ione 

■ - ^ k ■' " " ' , ';■ " y - > / — ^ * ] 

""•^V of the tW*s5^ null" hypotheses wafe^ rejected, ^oweve^qi' the flower bounds / 



.'^(3f ,three\onfidence intervals w6 re zero. These* confidence intervals ^ 
wer6 the 9bi>i^tervar reUted to interpretation of subtractxon number . 



0% and 95% conficf^nce" im^grvals 
sentences , hypothesis , 1-d 



^ L ; 



sentericTesv' Hypothesis 17b, and 'both^the 

• > » * . . ^ \ 

► related to production', of ^addition- humbe-r 

: . . ■ - ■ : — / .... 
However, confidence interval^ we^^e constAicted ffot these hypotheses 

t1iat\"have a probability^ of . .86 o f cont^-inlng parameter d^^^, i.e., 

• " y . ■ ' ' . ■ 

'p Vl < d • ,< U) = .•80'. and the lov^^r boiii.ds w^er^istiil foupd tcf \!e 



Si 



to. 



r 
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Table ^9 • 
The Ready Subjects 



Upper and, tower boimds of 95Z ^and 90^ Confidence 

Intervals for the Parameter d\\Q ot the 
• M ^' , Data for Each Hypothesis 



■ t 



Hypothesis 




.95^' 

Upper Lower Uppe 
Bound Bound Bou: 



90% 



Upper 
Lower 



1-a 

1-C „ 

4 

l-d 

1-e 
1-^ - 

^ 1-8. 
1-h 

' 1-^k 



Interpretation + 
Interpretation 
Interpretation +*, 
• . ProducClon + " 
Product iorf*- 
Production +; 
Answ^s + 
' . Answers - 



Answers +, 



.;50 

2.00 
2.00'' 
1-00 ' 
.i50 
1.50 
1.00^ 
, 3.00 
3.00 



-1.00 ^ .^50 

,30 ^ 1.50 

- .50 • 2.^ja 

0 ' 1.00 

- .50 . ^5.0 
-I'.OO, 1. 00 
-1..00 
-2.00 
-1.50 



-1.00 

0^ 

"1.50 



1.00 
2.5^ 
* '2.*00 



Interpretation*', Producti-on^ & Answers + 
Interpretation,^ Production y& Answers - 
• , Interp^e^ationv Produc^on, & i^swers +, 



2^.50 V=2^.00 
5.50ti- --2.50 



"2:00. 
.4.50' 



6.00 * -3.6b ^ij^OV 



-r ,■ 

- .50 
-.50 
■-1.'50 

-1.50' 
•■^2,. GO 
-1^50 ') 

-LOO"- 



.1 '^^ 



- -7 



95% and 90%'.-eWfi(iei>ce iii-..;/- .V 



*i tWe'. uppeif.' a^'d lower "bounds of the 9f 

*.*, » . V iV*;*«/^;'"> ' 

:^v:^* ■ \::..;V'teryalli' for ea^chU'f.i twelve' hypotheses 'j^lating' to /not rea^^/stti^f^t-^ - . -^^ • 

. ■ are' U?t6#iin;^^^^^^ • 

. :. .pra-tation of.'"aHd^.tion.;;a*rfd .suStraction number seqt enc?§V •ll5^pl?t^ • ' ' ' 

and 2-<:"'do."jnot -<Sontain zero. This is consif t^n^ -^#f _fefe-'£ile* lap^^^ : V 

•• •.. ■-' • • •■*••"'•'* ••- ' ' I ■' .. -■-. '/'; ; r 

■ ■ • *; ''these*hypotheses were rejected al the a'eyel.;p\iE^;^;i^i-'eJ^^^ ^ -OS. ^ ' •. ; 

'These confidence intervals also indicaXVd.-C^t^the-X??.^;^^?-!^'^?' -^^^^^^ ' 

• -'tha't d",,,," < dV' A-vaLde ''<i ' ^ 'i' 0 ^L'lnfiliea;^?^;^- 1^^^ 

.50 ..JU ) -■• •• .-v ■- 

, . -• • • »•' • . ■ , . • ■ . •■ . • - r ; • :,!Vr?»---';* , ^- . : - .• .- 

"V ■• •. • t-he':%coVes of-'the subjects in .ffie '^^D greup , tBrided.to,b;e;U^ s 
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^ , table 1.0 ' 

, . . 'The Not 'Ready Subjects^ . ' 

tipper and Loy^r Bounds'' of -951 and 90Z Confi^nce 
^.ItiCervais for the Parafneter'd 50' of the 
; Data for 'Each Hypothesis 




4 ' 

» 

Hypothesis" 


•/ 


m 

Task 1 




95Z • 


90% -r"^' 






2-4-^^ — • 




Upper. Lower 
Bound, Bound 


Up.per Lower 
Bourt^ • Bound 



2-a 
2-b 



2-d 



, 2-e • 

A 
. 2-f 

^* 2-h 
2-i 
2-j 
2-k 
2-1 



Interpretation.^ 
Interpretation - 

' Interp^retatiop 

-* \, ^' 

. '1?rodVaccion ^+ 

Product ion,- 

Product ian - 

*' Answers + 

^ Answers - 

, Answers +, - 

Inte 



^0 -1-50 
.^50 -2.00 



'pretation. Production,' >ft Answejrs + 
In?^ rpretatlon, production, *^ Answere - 
Thtq rpVetation, Productlon,V & Answers -K, 




'.'"V.'-.i-- 



> '/A 



U2 



■ Ex 



• ; , 
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level of significance 3 = .10. These confidence intervals also indi- 
caceid that the probability is ..80 thdt d < 0. A value of d -.q < 0 



'I \ 



ERIC 



5,0 

ended to 



;"-?iinplies that values of the X.'s, th^ scores of the ND group^( 
be larger than the values of jhe Y 's, the scores of'-the nI. group. 

■■ \ Except for" hypotheses 2-g and 2-1, tTie confidence intervals ' for 

■ 1 -• ' •■' ^. ' ■ ' . . • 

'each hypothesis are centered- to the right of zero, i.p., the negative 

direction. This is indic^t-ive of the consistently larger values of the 
'X.*s, the scores of the NI?' group. j< . • 



MISSING .ADDEND PROBLEMS 



The data for the six mi-ssing addend numtJ^r sentences on.' the 
postceit'were analyzed^^^>^rately ^rom .the^ data ' for -the other items on 
che-posttest. ^Tfi^sam^ meJbod,*the Wllcoxon Hatched Pairs Signed Ranks 
■3 describedi by Conover,^^^ thafe^was'' previously used in hypothesis 



procedbr 
t;^sting 
3-a 
on ready 



^ 3-b 



on not : 



'^k% used to test '.the'' nuJ.l ft'ypKDtheseg: \ 
''I " *■ ^ ^ ' * 

The time of introduction of .symbolization will h*ave no.^ffect 

subjects' ability taSstatre answers 'to and produce missing 



addend rumber sentences 



- time of intr6ducl|oiv6*|7^^ wiU have no effect / 

•gady subjects' ability 'to'-||t^^ pr6<luce missing 



addend number sentences. 



> J 



a -= .50 



, ..Again, the "following scati«i^al .null,, and alternative hypo|i}eses 
were usL to- test these research hfpoth^ses iat" the level of signmcancte 



4. 

■■■■ 'f . 




....^^onove-i:-^- "pp ...J206'^X5V - . . ''Ul.\^uJ,^...L.,l^ , 



. 4 



7. -.-i> 



9 r 



The values of N, the test '"^^ 



W V listed -fo 

\ 




^ — ^^ r-^^^'^^ 

The "Values' of N., the^ 'Te-^ixSt^^^istM^ - 

.025 . /975-. :< • ? ♦ . -vc-. • ' ^ ; . . ' - 



♦ 


Hy^^othesis 
■3-a 


Group • v.- 
Ready' 


■ I ■ : . 










Not Ready , • 
V ' ^ 




' 9L** '•■'.'•.Iv:: 


.... ■■■ ' 



*5t 



t^ould have been -rejected 



at? the level of sigriificiaTOe'*V'^v4'^^^^^^ , ' '-«/.^ 

-The'nuli^Wotheses were not rejected'/at^e^^^ J^]^^^y^L\ 
01-= .05. ltyp>4iesis 3-b, relating. ta.ihe 




rejected 'at the l^vel of significance 



a' JfEASlIWE OF EFFICIENCf: '0^:; IMBiH^ ^ 

notecfSin Cliapter III, the unit developed for.":.tIie present-/;.', 

Study .cons ikfe£d"of 6^ activities for addition and subtraction. ThV acc. > 

— ^^i-^J^^^^' — ' - • . 

tiviti%^9 were\^ strictly sequenced and the instructions were to use^ 

\ _ . ' ■ / , 

only as many activities as neieded for student mastery of eadh objective 

of the unit.* The - subjects '.j^orksheets and instructors' records ^of which . 

activities we^e covered by each subject* were collected. % It was planned 

that tti^ number of activities needed by each subject p^or^ mastery of, each 

. . . . • 



pbj'ei^bivfe would be»il^ed aS measure of ef ficiencjr'pf l^.ttiiiigA The data ' 
>V: .*,£". . o->,--/. .... - , . ■ • ■; '•:.:■■■>. • ■ . " " 

Indicdf'^di.tiiit..:'^^^^^^ differences . in the TX0>^t^^p,^c^i.yr±t±e$ com- ^ 

4i^"tS&''the/s«bjSfits- were -among insf:tifft^XJ-c-^^?my^^ audio -dnd-' video . 

V_ _ I ,, •■£V£*li-_.Aip '-^i;.;, •■!„o^,-,,^r-irtn.nl <!pe:«-i"r)ns.rQl^the ^tudy-, teachers ., - 'n;- 

ThisVdata' was ^ 

%e4^ii/^va^^ime 0<3<auS^b«^va6"out the'e£fect of tfn^ of introduction^ 
(oitiyS-i^arion on-effici-ency of learning. The conclusions will be ^--^-^^ 
•.^^■dlss^yii^-X:h^ptev V. • ' . ... ' ' ., -^-'-iK 

;Y;/fS'--?>^'^- ~ .. - :^ 

'■ .'V;-. • ■ " .■■'-•••>• „• '^V; 

:; • . ■ -SUMMARY, ^- ' ^ . /'-'^ v: >:'V•A''^ 



^.JvV.'.VTwelve null hypotheses related: j:d meanIng^^^"£Rg'w^^.^-3^^^^^ 

"'fceVted'for-both ready ahd not ready subjects^vi:- N6rie"a|^ 
.^.-^ - ■ \ . ^ - - v;;'- - ■ 

.'.j^^otheses conc^ping the effect of t^^^i time of *intrdd4^<>n of symb6l- 

-.^zation on ready students' ability' t« interpret, produce, or state 

answers to additl^on or subtraction number sentences ,^or both, were 

•.rejected., ^^he three .null hypotheses" con^cerning the effect of time -of 

introduction of symbol iza^iofi on not ready' students ' ability to in- 

interpret number sentences were rejected at the level of significance' 

a = .05. The three null hypotiieses conc^ri^g the effect of time ,of 

introduction 'of ^ymbblizat'ioTn' on hot ready students^ "production of 

' numbe?: sentences. were rejected alt' the level of significance a°.= .;Q:. 

• The conclusions based on the results of th^e .study , the iimi- , 

tat;ions of tb^ study"; and suggest iona-f or fdditiona; research are - . 



* . ' ^ Chapter V " 

'Nummary, conclusions, limitations, 'and ' 

\ SUGGESTIONS "'kDR.EURTHER- RESEARCH , •* 

-.-^.-^ 4/ , . / 

^:^s chapter presents a sucnmary of the s^udy and conclusions 

si,' " 

\ i'l ♦ ^ ' / ' • ■ , • 

based on fthe results of the study. The limitation of the study and 

suggestions for* further 'reseaj-ch are al^b piife»^ented in this chapter. 

' - * * ' , ' * • . * . :^ 

SUMMARY ,(^f' THE STUpY . , * ' • 

* The purpose of this 'study was t» investigate the relationship 

among children's- understanding of mathematical concepts, written symbol- 
ization of the^' concepts , and a well-defined "readine^ss" for writ'teii 
svmbolization based* on verbal facility with the Concepts Jo be sym- . 

s 

bolized. It was hypothesised that readiness for written symbolization!-, 

/ / - 

defined'/in terms of verbal facility, would infruenca the course of 

leVming and the suc«e^s of instri^tion. Hh'id^^rieral hyp^^hpsis was 

te9;r4d through a teaching experim^B: *on addition aSSc suhtr^^Tt^<a^cancepts 

nWo 



nd the symbols that express " them Wor small who3?^ numbers at the .fi;rst-<; 

grade level. ^- - * - - ' / ^ ' • . ^ 

The subjects wer6 38 first grade students at David. C. Barrow 

Elementary School, Athens, Georgia. The teaching experiment beg'an in 

* • * ^ ^ -t • 

September, 1975. At that time the first grad.e sfucients had. worked only 
with, numeration and Viad, npt been intro'duced to addition and subtyi^ction 



concepts. ^ ^ . 

#^^^2 A c 
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' . In this study, re>adiness for^ writ ten symbolization of a topic 

\ . \ * * ' * ' 

was defined a6^ follows:* ^ . . » 

Given a topic in elementary .mathematics , there are setS'-of » ^ 

/ objectives, the attainment ofv which in4icates mastery of the 

• ;topic. Omitting those objectives ' corioerned with reading, " < • 

y ' ' ' • ' ' 
Writing, or Speed of response", a child, -is . ready for the* in- 

. trodtftftiion of written symbolization of the topic-»when he has 

, mastered the objectives of the* tppie verbally ^/^ perhaps with 

' ' " ' V . ■ ^ 

. the aid 6f pictures or. manipulatives ^ 
The definition of readiness was then applied to the -topic of the study 
based' on the set of objectives for addition and subtraction used at 
Batrow School.'^ ^ | ^ 

The s'.ubjects were classified as ready or not ready according to- 

.•• ^ ■ ' ,•■■( ' • • ■ - 

scores on a* readiness^ test based bn the definition of readiness a;pplied 
, to .addition and subtraction, ^The sub j"<^c ts , were then paired by meafris of 

the teadiness test scores and Key Math Test scores! This f)airing pro- ' 

\:edure r'esult*ed in eleven pairs of not ready subjects 'and eight pairs, o^ 

ready subjects. One member of each pair was randomly as^^igned to an 

- 

• immediate symboH2at.ion group and the oth'er member was jaissigned to a 

, •' I ■ ■ ^- 

delayed symbolization- group, * ' ' • ^ « 

All subjects received twelve weeks of instruction on Introductory 

'addition and subtraction. ■ The^ instructional uiiit cpnsisted,, of 63«ac* 

tivities for -nine objective? on addition aftd stibtractlon. Each- activity 
» ~ , • - * • < » 

«was divided Into the following three sections: t : 

' • ("I) Coficrete pictorial • (CP) : Lessons In^'fhe .concrete-pictorial . 

J sections involved the use of con^crete objects or pictures, r 
' ' The lessons wete designed to be conducted in a verbal mode with 



V ' emphasis on verbalizat-ion^ on the part of the teacher and' the 

students as a group. Written symbols were n^ included in thes6 
sections., 

•C2) Verbal (V): Lfessojis in the. verbal sections involved oral re- 



, . sponses primarily on the part of the stud^nt^s.. The lessons were 

designed tq^. enco,urage the students to say number sentences .when 
: given actions or' pictures illustrating the number se,ntenc6s, and 

to interpret given number sentences by describing or .demonstrating 
;^ actions appropriate for the number sentenc^Sj^^ 
(3) 'Symbolic (S) : Lessons in^the symbolic sections involved written , 
symbols* These lessons were designed to be similar to ..pages ^ 
typical' of first gra'de. arithmetic "texts. 

The immediate syrabolization group of both re^dy and not ready 
subjects experienced a treatment, in which wrlt;.ten symbolization was 
introduced simultaneously with the concepts. Th'e^ subjects in these 

treatments worked ^11 <hree s^cti'ons CP, V, and S, of each activity. 

'IT. '\ ' ^ ^ ' 1 

These groups were essentially control' groups since it is the usual prac- 
tice' in the*' first grade to. introduce written symbolization of a concept 
at the time of the introduction of the? concept. 

- ^. " . 

The delayed^ symbolization group of ready subjects experienced a 
,treat|nent! in which written symbolization was delayeid for five-weeks.. 
The subjects J.n this treatment worked only the CP aftd V sections of each 
^activHy during the five week, delay. At the end of the delay period, the 
subjects worked the previously:. skipped S sec^idns pf*^each activity and ^ 
then worked 'all tKree sections af each additjional activity. 

The not ready subjects in the delayed symbolization group ex- . 
perlenced a treatment in which writtien symbolization of each of the nine 
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objectives of th^ unit was delayed for each subject* until the subject 
had mas teredr each bf'the objectives verbally. During the delay period, 
these subjects worked only thej CP and V sections of, each ^activity • When. 
a subject had mastered an objective verbally, he then worked the.^pre- 
vious'iy skipped' S section's oi tbe^ activities for that objective. The 
subject the^n proceeded" to the activities* for the next objective, but * . 
worked only the CP and V sections until the objective was mastered 

vesrbally'. . X-*^- " ' ' - 

. ^ % ' ■ ' , 

. . • • « - . ' ' ' f 

^ The subjects were given a posttest at the conclu^qn of the 

treatments; The posttest was designed to' measure the subjests' ability 

• . - ' r . ' 

CO interpret given number -sentences by describing or demonstrating ^ 

actions appropil'iate for the numbec sentences { tq produce number sentences 

when given actions -on sets, and to state answers tjp- givep^numhfer ' 

* sentences. Since, in the present; stu^y/a student meaningful learning 

of the symboli^ation pf addition and subtraction Vas def;ined *in terms of 

hi^ ability to iijterpret, produf:e,\and state answers to number sentences, 

the" poattest was' a me*asur^ of subject's meaningful learning of written 

symbolization of addition and subtraction. . ^ • 

' . If k student- is not. ready for the .introduction of symbolization, 

4 delay ipf symbolizatidn until, the student is ready should facilate 

* ■^. . • ^ - /, . 

learning. Therefore, 'it, was hypothesized that witli students classified - 

^ • • • ' i • • » ^ , ^ 

'as not, readyr those who experience a'^delS^of symbolization until they 
are- determined %o bi ready will be better able^to interpret, produce, and 

state anst/ers ta number sentences than students 4^Ko experience immediate 

j ' '"^^ t 

'. . 1 ' 
introduction of "Symboliza.tion. • . - 

' If a stilderit ^Ls/'rj^eady for the introduction of symbolizatibn, 

• . / . *^ -TsJh / . • ' . ^ 

immediate introduction^' qf symbolizatio-n -should facilate • learning. 



Therefore, it was hypothesizeii th'^t with students classifie'd as ready, 
. those, who experience immediate introduction of symbolizati'on will be 
better able to interpret, produce, and -state answers to^ number sentences 

than students who experience a delay erf symbpl^zation, . \ ^ 

' ' ' ' ' / . ' * ' 

These two hypotheses were *tes£.ed usi.ng the Wilcoxon Signed .Ranks 

Test procedure described by Conover • At the 'level of* significance 

y,-- ,05, there were no' significant differences between the scores on any 

section of the posptest of the two*' groups of ready , subjects ^ There was 

■■ • . 

a significant difference between the score^s on* the interpretation set:tion 
- . ' ' ' ' i , . - 

of the po'sttest of the two''^roups of not ready subjects/ The subje'cts 
in the delayed symboliza^ion group had signi'fic^tly' higher (a < ,05) 
•scores on tl\e interpretation sect.t<>n of the posttesC than subjects in the 
immediate symbolization group. There wer^ no significant differences 
betwee^n the scores on the -production and answer section of .the posttest 
between the two groups of not ready subjects. 

The results ,of the data analyses do not support tha hypothesis 

' ■ • . ' 

that the time of introduction of symbolization will affect ready students 
meaningful ,leaming of written symbolization of addition and .sul^ tract ion. 
The results, do support, in part, the ^hypothesis that the time, oi >in- ^ 
trpduction pf symbolization will affect not ready students' meaningful 
.learning of written symbolization of addition and subtraction. 

^ ' >, ^ \ r . \ 



1 " ' ' ' ' ' * ' 

*W, J. Conover, Practical Nonparametric Statistics (JJeW York:: 
John Wiley and Sons, Inc. ^ 1971), .pp, 206-215., . ^ • . ''^ 



• \ OBSERVATIONS • / , . ! ^ 

The Ready Subjects- . - ^ * ^ ' , . 

The investigator *s review of audio and video tapes of sessions " 

"o/ the delayed sy.mbolization gtoup indicated that the subje^cts became 

bored and frustrated during the delay peri'od. Many or these subje^cts 

> 

were writifig number sentences on their own. At the end ox the delay 
period* che^end of the fifth week of Xhe treatments, the subjects in, the 
delayed symbolization ♦gtoup had covered activities for two 'more of the 
nine unit objectives than subjects in the immediate symboli^zation group. 
However, the subjects in the delaye^d symbolization group were skipping . 
the svmbolA. sections of each activity. During the sixth and sevehth 

weeks of the treatments, these subjects worked the previously skipped 

»■ ' • " 

symbolic sectij)ns , and at the beginning of the eighth w^ek of the 

' ^ ^ f ' ■ . • • * . 

trea'Cnj^nts ,* these -groups were essentially i/orking activities for the 
same objectives. The investigator's review of audio* and ^video tapes of 
^the .eighth tfirough "the twelfrh. weeks of -^he treatments did not detect any 
"differences, bet j^e^en the 'performance of the two groups of ready subjects. 
Thus the „investigator^ s review of tapes and the> results of the data 
analyses 'Sup'ported the follgwing conc}.usion: - 

' Conclusion 1: The time of introduction of symbo3</2ation does not 



affect r^ady sLud^tS-L meaningful learning bf the symbolization of 



• addition and subtpdction. 



Th*e 



ife following conclusion is' su^orted only by the investigatot *s review* 



^^f tap^s: m 



r 



Co^iclusldn 2:'\A delay of symbolizatioa may cause* symptoms o.f 
-boredom ancl frustration among ready students. ^ . 



The Not Ready> Subjects . ^ ' ^ ' . " , 

Although the time of introduction of symbolization did not have' 

• , - ' ^ . ■. ■'<.*,.•'•■•' 

^/statistically significant effect on Tiot ready suj?jects' ability to 
produce or state- ap.swers to number se^itences, it did« have a statistically 
significant^ a =,.05, effect^on nut "^^eady subjects'" abiTity do interpret 

* . ' - - : ■ - ^ ' > ' ^ ' V- l' 

number sentences. Although the results wjare not* significant on the .pro-^ 
f » < ' • • ^ 

^jy^^tton section of the po&ttest, the scopes t)f the subjects in- the- d^^layed 
svtr.bolization group were consistently higher than the scored of -the 
subjects in the immediate symbolization group « The scores o'f/the 
subiects iry the two groups were about phe same an the.* answer seci;ion of- 

• . ' I' ' . ^» . 

phe posttesr. ^ - ' 

N ^ The investigator's review^of audio^^and *video tapes of tKe lessons 
of the not ready groups and examination of students' worksheets indicated 

that the delay of symbolization , facilated lemming. When tii.e subj-^cts \ 

I * y f * * 

in the delayed symbolizfat ion grgup had mastered an objective verbally,/' , 

^^d were^ given-"a symboj-ic section, worksheet , they^seemed^ to. req'j-ire ' less, 
•i^stryctl^on ^ncf help from the teacher than* tha st{bje.cts. in. tHe^ Immediate 
symbolization group. . \ - 

' ; ■■• r . ■ 

Tl>e followinrg conclusion *is. supported- by thii i-nvestigator 's 

- : .; ■ v •' ' .,■ - - 

review 'of 'tapes aqd is supported '•in part by th5\ data, analyses : " 

' * - ' I - " ^ ' . • 

Conclusion 3: .The time of introductioa of symbolization does affect 

> *• . , ^ • • • / ' 

not ready students .meaningful learnin^g,of the sy:mbolization of - 

* ' r ^' * 

addition arid subtraction,^^ ' • « v f . 

' * " ^ " . '4 * • • ^ \ ^ / . ' 

,The following", conclusion jLs supported only by-the, investigator's review 



^ C9nclusion 4: The learning of written syjnbolization by. not ready ^ 

e Students is more ^fficient if the sjrmbolir^^tion is delayed until the^ . 

st.udents,are ready, , • - » * • 

-Since the results of thfe .data analyses favored the subjects in, 

the delayed symbol ization group and .the 'inyestigator ' s review of t^pes 

• • . , ^ 

indicated that the delay of symbolization facilitated .learni4ig of written 
-^y^nbolizatioti, the investigator concluded the. following: # * 

Conclusion 5: If a'stupe'nt is not ready for the Introduction o£v 
syrabolization of addition and subtraction*, the student ^s learning 
of the symbolization wili be moi:e meaningful if the sytnbolization . 

• • " ' ^ • - " \ ■ 

is delayecl until' the student is ready. 

Readiness- - M^aningf uT Learning . \ * - 

The 'purpose of this study- was to investigate whether children's 

-mm , • ' . * 

readiness, as defined in this study, influences the efficiency of learning 
and, the me.aniqgfulness; of learning thejwritten symbolization addition 

and 'subtraction by first grade children. The influence -was hypothesized 

* ■ »■ • . ^ ^ 

tOv act in the following way: * . ^ ^ 

(1) Children who are .Tiot .ready should'leam more efficiently and the 

lemming be more mean^nj^f ul . if the symbolization is .delayed until 
• . ». - ^ 

. *' « ; ^ 

*»they are ready: . ^ • ' • , 

(2) Children who are ready sl>ould^ learn more effici'ently and the 
learning b^-jnore 'meaningful if the symbolization is. introduced * 

;immediate-ly. - ' ,^ ' \^ * ^ 

Tljj^Jiypothesized influence of children's readiness > on childrenJs 
meaningful learning was supported for childreYrrwho* were not ready. The 
•delay of svrabolization did ,not affect the meaningful learning' b£> ready 



children, v However, j.n the opinion of the investigator, the evidefnce of 
th6 influence of children's readiness on not ready children '%_meaningful 
reaming is sufficient to conclude the following: 

- Conclusion 6: Children's readirt^ss, as defined in this'study, in- 
. fluences the meaningfulness of learriing the written s^ymHolization of 
c .addition and subtraction. 

Readiness - Efficiency of Learning . . - « 

The number of acxivities completed by 'each student for each unit 

objective was to he "^used as a measur-e of efficiency of learning. The 

only diffisrences found in the number o^ actiyities completed ♦were atnong 

inst-^uctors . However, the investigator's review of ^audio and video tapes 

of lessons iTidicated that readiness, as defined in this study, did ifi- 

fluence the efficiency of learn.ing; tha delayed group, of - iready'subjects 

experienced boredom and frustration (Conclusion 2)\ and the learning of 

symbolizatidn by the pot ready subjects in the^ delayed grouft was more 

efficient (Conclusion 4). Therefore, the following conclusion is sup-- 

pprte'd only by the investigator's review of tapes: — 

Conclusion 7: 'Children's readiness, as defined in this study, in-- 

* ♦ 

^ fluences the efficiency of learning the written symbolization of 
addition and. subtraction. 

^ The Missing Addend Problems ^ 

The results of the data analysers did not support the hypothesis 

1 • . • ^ . . 

that time of introduction pf symborizatioti will affect ready or not iready 
students J ability to ptoduce or s^ate answers to missing addend^ number 
sentences .^^ However, although the results were not significant at the , 
l^vel 6£ significance a - .0^, the scores on the missing adtien^^ number / 



sentences pt tlVe not ready subjects in the delayed symbolization 'group 
were significan*tly higher at.tlie level of significance 'a = MO than the • ^ 
scores of the not ready subjects in the immediate 'Symbolization group/ ' 
The v^ubj^c'ts in the present study we,r6 not ^introduced to missing adder\d'" 
►number sentences in any of the four treatments/ Therefore , 'an/ con- 
elusions ^ fotraed -on the basis of the data for the missing addend number 
sentences *would ^nvblve transfer of beaming. The investigation of .the 
relationship amdhg readiness for learning written symbolizatioHy the ^ 
time of introduction of symbolization^ 'and the transfejr^of th^ lea"ming 
wi^l be left for*" future research, • ( 

Implications of the Study ^ . ^ , * 

Pending tire limitations of the study and supposing further con- 

• A \"\ . ■. ' 

firmatipn of the result;s of the gtudy by parallel or zr^pl;tc^tion ^udies , 
the study may have ibiplications for mathematics educat;itin. ' , ^- . 

\ The mathematics ^curriculum of kinder^r-ten anq^ ""primary programs 
would have increased' emphasis on the develj^pment of cj^ncepts, an'd the 
associated vocabulary that will be needed in ^the, primary gradesX* Concrete 
models would be used .to ^t'^muiate discussidh a^£ emphasis' 

on'building the child*s spoken vocabulap^r; ^ ' ^' /J 

In the prtmary grades, a topic y^duld b.e introduced and the - 

~ . — — ' • V . ^ ,^ 

concepts and vocabulary . extensively developed^before wrl^en symbolization 

would be introduced^ This would suggest a reorganization of traditional 

text mdt^rial with increased emphasis on verbal activities suggested in 

the teacher's e^dition/ Totally individualized - programs »^ such 'is the 

• • » * 

Individually Pr6sc'ia^6d Mathematics' (IPI) program, would need .i;eorg^- 
-nization to' build in%lje verbal^ development needed prior ^o symbOlizati^. 
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Many teachers presently .group studentjs in^first grade; customary 
groups are a "readiness" group doing essentially kindergarte,h. work and . 
on'e or. more groups doing, first grade work. The're^ult^ of this study.' 
suggest that verba; facility might be a criterion for placing students 

' m groups. This criterion could be us^a topic by fopic for moving a. 
child from^readiness-TTOTlr^ more formal mathematics. ' ' -o^ -f 

:Tedchers should provide for more classroom interaction and dis-' 
.cussioTi, especially activities in which the children use verbally the 
mathematical word$ they 'will plater symbolize. This interaction' "and 
discussion ap,pears to be desirable, to develop the necessary vocabulary* 
in mathematics. Ideally, the balance between Written and. verbal ac- 
tivities in" the classroom should change with increased emphasis orf^.verbal 

• activities Iprior to writterf activities. Skills of planning and cbnductin 
verbal mathematical activities shoul^ be specifically identified and 
developed in teacher 'leducation programs. 

LIMITATIONS OF THE STUDY- 

The 'purpose' of this ^stud^was to investigate-the relations'hip^f ' 

among children !s understanding of mathematical concepts, written sym- « 

bolization of these concepts, and a specifically defined .readiness .for 

written symbolizatiftin based on verbal facility' with the concepts to be 

symbolized. However, the study dealt specifically witfithe mathematical 

concepts of .addition and subtraction of small whole numb&rs at the first 

grade level. This limits 'the general iizab ility Vf the conclusions of the 

•> < _ ~ ' * ' ' 

steady to other t9pi-«;s in ma'thematics'' and fo other grade levels • 

A second limitation of the study was that all sub^jects Vere^drawn■ 
' / \ . . . ' ^ 
from the ^same schpol atid^^that inetructors were not randomly Assigned ta. 




• • ' ■ -r - ... 

reitmeni: groups ^ The assignment of teachers to treatinent groups was 
do^e for the eonvenience of the four regular first gradfe' teachers at • 
BArrow School. This limits geneiralizability of the results* 



A third limitation of the study was the small- sample sizes. 
Although/ .the rBadiness test was administered to. all first grade students 
at Barrgw School, only- 17 subjects we^e found to- be ready. For this 
reason, only 8 pairs of ready subjects comprised that sample* There • • ^ 
wexe 53 sub'jects 'classified as not ready on the basis of the readiness ^ 
test. However, the res,trictions imposed on the pairing proced^|pby the 
inv.estijgator only dirbwed for 3 match of 11 pairs. ■ ♦ ' 

I ' . , SUGGESTIONS FOR..FUiy:HER RESEARCH 

■) . - ^ . ■ . . " • ■ .•■ • 

One of the limitations of the present study was that the study. • 
de^lt Sirectly with only one topic in elementary mathematics at one grade^^ 
level, iTeTr-addit ion and subtraction of small whgle numbers at the first ^ ' 
grade level! Howe ve^ in the- praafent study , rreadiness 'for introduction ^ . 
'-of * symbolization was first defined for any' topic, in elementary mathe- ---^^ 
matics- This' definition could be applied to other topics in^^elementary 
mathematics at other grade ;evels- The present sttidy'^hus provides a . 
basis for parallel studies^ concerned'^with readiness for the introduction 
of written symboliz.ation. . v >: - . i ^ 

It is suggest'ed' that replication, studies be made with ^he fol-^ 
lowlpg' modifications: • • ' • ■ . • . ' ' 

(1) It is' suggested that teachers, be randomly assigned to tg^featment , . ^ 
* groups. A random assignment of teachers would increase the reli- 
'ability of the results. . . • » 
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<^2) ' Since >the only significant' differences: foutld- in the data analyses 

were between the groups of not ^ready subjects, it is reconnnended 'jthat 

future studies concerning* the effect of readiness for symboli^tion on 

students' meaningful learning, at Che ^jttnbolization concentrate on not 

ready students. * , A . , " , ^ 

(3) Eve.n wlien significant difference$ between the scores of the C^^o 

groups of ndt ready subjects were not found, the posttest spores of the 

subjects in the delayed symbol i2at ion group wer^e consistently higher 

than the posttest scores pf subjects In the immediate symbo^iza'^tion 

group,. For. this reason, it is suggested that one-tailed statistical - 

'tests b§ employed in fliture replication studies instead df the two.-rtailed 

statistical, tests used, in the present study, , ^ 

It was the opinion of the investigator, before^ the beginning of 

the 4)resent study, that many students are introduced to written math- 

ematlcai symbolization before t'ljey are reac^. The study described in 

this dissert;ation was designed to investigate that opiuion. Readiness 

for written' symboli^ation was defined and the relationship between that 
. / ^ » ^ \ ' '.'*,<' - * ' . 

readiness ahd the learning of written symboUzation was investigated. 
It is the role of future studies to, provide* i^iore information on.thfe 
relationship* between readihpsB for. written mathematical symboli^zation 
and the^meanlngf ul learnltig of 'the' Written symbols,- . . , . 
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OB^j*£:CTrVES FOR READINESS .TEST 



\ (1) Given obj'ec^ oi: aj picture tl\at' illustrate the union of two 



sets, the student state,s the sum and says the number sentence, 

(2) Given a cpllegtion- of objectg^, and given verbally i an ad- 



dition number sentence;', a + b = a, the student forms, aets having a and 
b elements respectively and illustrates the union, of the sets and states 
the sum. , 

(3). Given' objects or a picture that illustrate the removal or 
partitioning of a subset, the student states the difference and says 
the numj)er sentence . • . . ^ 

^ / (4) Given a collection of^objects' and giVen verbally a sub- 
traction number sentence, a - b = c, the studeijt forpas a set having a > 
elem^jit^ and removes or partitions a subset having b' elements and states 
the di^f^erenc^* , ' ^\ 
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ITEMS FROM KEY MATH TEST 



D7I One match and two matches' are %)w many matches? 

picture: , Objective 1 

D-2 Theire are three feirds.* Two more join them. How many birds? 

picture of five birds • Objective 1 

^ now? ' f ^ 

picture^f six f^rogs - ^ ^ , , Objective 1 

• you took one* button aw^y, how many 



Two frogs are joined by four moje frpgs.^ How many frogs are there 
now? ' . ^ V 



- * E-lf 'This card has three buttons 
/ would be left? V 



jiicture: J . - v« ''Objective 2 * 

E-2 "ihis carci has five green buttons. If you' took two buttons away^ 
^. how many, would be left?*^ «. * ^ ^ . 



1 



picture: 



.Objective 2' 



V 



V* E-r3 This •pard has eight red Isuttons. If you ^ took ^our buttons away, 
•how rfany would be lefjt?" ' , ^ . 



pidtuje: 



Objective 2- 



i 

\ ( 



^ 



JtI. John had two cookies. His dog ate one^bookie. How many cooki^'^ 
does Jdhn'h aye, left? , * 

• -°. . . .'■ • • • - * I 

picture of, boy with cookie and dog *> • Objective 2 

: ' ' • ' \ ^. • 

J'-2 \ B):£an had three"^ marbles v 'He finds two more. How. many marbies does 
he h^ve* now? ^ ' ^ v ^ 7 - ' ' . / , 

picture of :bag :With ""threei.m'atbles and Objective''2. 
' '„ <• hand with two ma^blfes^ - ; ' * 

J-3 Tom w^nt to the store once. Nancy went to :the store twice. ^How ' ^ 
many trfps were made to the^ store?' ' ^ 

' ' ^ picture* of two identical * girls .going 'Objective 1 ♦ 

to a store and one boy going* to">^ - * . 

stare ^ ^ ' ^ ' ^ ' ; ^ 
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Items from P.M,DX. v 



(13^ "I have three pencils." You have ,two pencils., jlow many pencils 
do '^e have together?" , . ' 



Objective 1 



I i ^ 



(27) VT had seven toy cars. You took tnr66 c^rs. How many toy 



\cars do I have now?'* 
jjective 2 * ^ ' * 



(31) ^ffinr to the tunnel. Say, "This is a tunnel.'" there are three 
carsl^ outside the tunnel and the^re •are six cars still in the 
tunnel. How many cars are '"there all together?" 

. ♦ > ' 
'V 1 ^- Objective 1 and 2 ' ' ' Picture: Tunnel with' three 

" • ^ " * -/ . - - ,^*'r . ^ ' f .?^^-iS;oi4ts^de it-;. 



\ky) "Together we have six pennies.. You have 'four pennies. How many 
* , pennies do I have?*' * ^ . . . ♦ 



Objective 1 and 2 -\ 



If 
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•• DO 



' TEST PREPARED- BY INVESTIGATOR 



SAY 



-I/G^vfi' the child" piefure card 1. 

•'■^(picture of" three .bugs and * . 
■' two bugs) .. ' ■ . . 



' a.' Point to bn^' circle. 



Point to^the other ftrcle. . . 
• . ♦ c, Poin£*to. the^whole .card ;with. ' c. 



a sweeping mot4.on. 



Obje*ctive 1 



r 



How many bugs areJLn this^ circle?; ^ 
^How inanx bu^s ^are dn t>^is circle^? . ^ ^^-^ 
How many bugs in all? 



Tell nie a';iiupiber^ sentence -for " - 
this cafd. ' , . ^ 

Probe 1: Tell me a number / 
sentence that uses plus and 
e ^als > ^ * ' • 

« 

Probe 2:.Do^ou know whaf a 
number sentence* is? • T am saying 
^a number sentence -when I s^y, 
'Ori'd |)lus> ot^e equals two/' or 
"'foo 'plc^s ^ two' equals* four . " , 
^an' you^ tell me a number Senjience 
for this picture? *i 



II. Give, the child picture card '2 . 
(picture of four bugs) 

a. Point to the card; " * 



a. Row many bugs in' all? 

How^auy bugs are' leaving? 
c. How many bugs are left?' 



Tell me a- number -sentence for . 
this card.' ' ' 



Objective 2 



Probe 1: Teil me a numbed 
sentence that uses minus and / 
equals* ' ^ * 

Probe^^l|^Do you know what'^^a . 
aumber sentence is? I- am* saying 
a number sentence -when I say, 
•'Three minus, one equails two." 
Can you tell me a number sentence^ 
for 'this picture? 



III. Give th*e child nine coun-ters. 



I. Point to the c'ounters; 



Objectives. 3 '& 4 



ai^Can you use the counters to show 
me how much is tvo; plus two? 

b. Repeat for three 'plu&'two * 

c. Rfepeat for, four minus one > 

\ 

d. Repeat ,for five minus three . 



IV. Give the. child picture c^ard 3. 

(picture "bf f ive' b*trds' in a tree) ♦ 



.a. Point- to the* card. 



*'a. How. many bird3 are in the tree? 



Objective d 



b. If two birds ^come, how many . 



birdS-wojild there be? 



y* Give the ^child picture card 4. - -J 
(picture of six^ birds in a tree) • ^ 



a. Point, to th^. card, 
v^bbj'ective 2 



a% How ^many birds are in the tree? 

h\ If two birds fly away, how many 
birds would be left?. 



1 
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APPENDIX B 

t 

• OBJECTIVES FOR THE UNIT AND CORR£SP0NDIN.g' 

T 

^IPI OBJECTIVE NUMBERS 
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INTRODUCTORY ADDITION ANJJ, SUBTRACTION 



The activities in this unit a^re based on ithe following objectives: 



,-5 



Activities 



.IPt Objective 



21 - 30 



AS 4,5,12,13 



if- 
21 - 



20 
30 



AS 4,5,12.13 - 



31 - 40 



31 40 



AS 7 



AS 7 



41 - 45 



.41 - 45- 



46 - 51 



52 60 



AS 8,9 



AS 10,11 



AS 14 



AS 15 



61- 63- ' . ,AS L£a7 



Obj^ective (Limit: tjaximum.of 9^ 
I ^ elements, suos t]iroGgh 9) 

!• Given two sets of objects and an ♦ 
^ illustration* of the union^o'f^ the sets, 
or a picture illustration the union, 
of the two sets, the studen^ can say 
(wrj^c'e) the ninnben sentence. * 

2, Given ^ set of objects and an • 
.illustration of the removal of a 
subset, or a picture illustrating the 
removal of a bubset, c^ie student can 
say (write) the number sentence. 

3. Given a spoken (written) addition 
number sentence, jche student can. 
demo^nstrate or describe &he union o^ ' 
sets appropriate to^^the number sent^tSf^* 

f4. G^ven a spoken (written) subtraction 
number ^sentence, the student can 
demonstrate ^or describe the removal 
of ^ subset appropriate to che number ^ 
sentence. • " 

5. Given a number line illustrating an 
addicriqn or subtraction number sentence, 
the student can say (write) the 
addition or subtraction number sehtep(!e. 

6. Given a spoken (written) Addition^ or 
subtraction number sentence, the student 
uses the number line to ^illustrate the 
number sentence. 

7. Giv'fen a spokea (written) addition 
. number sentence, the student* say^ 

(write^) a.'sub traction sentence using 
the same^miobers. 

8. Given a spoken (written) number* sentence 
of the form,, a + ' • c or a - • c, 
the student find^The answer,. 

9. Qiven a number (spoken or written) t}ie * 
s^^idept says (writes) an addi^on 

' sentence in which the .ijignbefr is the 
s-sum, or a subtraction sentence in which 
the number is the. difference. : 
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AP^ENDIX C 
SAMP^LeT^ROM the TEACHER-' S MANUIiL 
SAMPLE WORKSHEETS. 
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120' 



104 



CP-, 
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ACTIVITY 2 



HaterlAls: Toy barn, toy anloala^ 



Place three ^niinals^ ln*che barn. Ask:, **Hov many 'anloaXs are in the bam?** 
Place tvo' animals in the barn, ask: **How man^ animals are ih the bar^ nov?** 
Tell 4Che chrlldren' chj^ ctober s<^ntenc$, three plus tvo equals five. Lec the 
-children say the xfumber sentence together. Repeat for ^th^r^OMabers*; ^ *y ^ \ 



No UorksheaC 



• ■ . " . ajr 

Materials: Toy bam, toy animals, math-a-phon«. 



Give each child a math-a-phone. Cxplaip that one can only say oumbar 
sentences on a^ siath-a*phone. Tell each chi^Id to call his parenttfV)r •« 
friend. !lepeat CP^ ; let each child pell his parents or friend vhit 
happened* using a number sentence* - 0 

" ' f 

(mastery indicative, of readiness^ obj . 1 ) 



No Uorkaheat 



J 



, Materials: Worksheet, pencil. ' 
^ Circle the correct numbir aentenc^; 





• '2 + 2=4 ,3 +2.' = 5" 1+1 =2. 



WorlMheet S~2 



V 
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ObJ. : ( AS 4,3 ) 
She*t f S-2 

M«a« 

DATE 




^ • 2* 2=^ 3+2-5 1+6-7 





1 + 2 n 3 1*1-5 1 + 7 




.3 + J" 6 3 + i|-7 '>5^+2-7 



'2>2^^-- ?.^??6 2.+ l»3, 







3 + 3?B 3 + i|-7* '5tl-6. 
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ACTIVITY 12 



Materials: Toy barn, toy aalsala 



Place five anloals in the barn. Aak: " How mMnyjMimmlM are io t^a bara? 
Renove cvo aniaals froa the barn and aay: " Tx« anljaala lecrei hd^ many 
are left? " Say the number sentence for the children, let, the children 
say the number sentence together. Repeat for other nuabera. 



Ho.Vorkshaat 



12 



Materials: Toy bami toy anloals. " 

Repeat C?^^' by allowing children to manipulate anlaala. Let each, 

child say a nunbcr sentence. Sa)^>the number sentences together. 

i. ^ ' 

( maatery indicative of readinesa ob^ 2 ) ' * ' 



Ho WbctahMt 



Macer^la; Vorkaheet* pancll* 
Circle the correct mxmber aantanctt 




Uorkahact S-12 
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ACTIVm 34 



MACerlals: Vorkshaec, pencil 



Tell Che children an 'addltloh or subcraccion miaber sentence* Ask Che 
children to draw apples on each addition tree to show the addition, 
sentence and tc draw and stark off apples on each subtraction tree to 
show tne subtraction sert^?iini*a. ' 





(aastery indicative of readiness obj . 3 or ob j . 4 or both ) 

Worksheet C?*34 



34 



Materlala: none. 



Tell each chll/ an addition or aubtractlon nuaber aentence. Aalt each ch\14 
to tell a story using ^he number aentence. 

( aaetery indicative of readlneee obJ. 3^ or obj. 4 or both ) 



No UorkahMt 



^2^ 



Materials: Worksheet* pencil. 



Find the answer 


"^nJirk 


off' letters or add letters 


to shov the mmber sentences 
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t 
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Worksheet S-34 
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o 
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i 
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•n . 



1 



110 
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Obj. 3,4 ( AS 7 ) 

Shttc # S-34 

Httt 
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m. 



3 + 3 



-5-2 



♦6 + 1 
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Ansver,s . 
Stimulus: Verbal number Sentences 
Response: Verbal answer 



Say: Tell me the answers to/ these number sentences: 

a- 2 + 2 - correct. , •lncorrect_v ^inmediate delayed 

counted on counted fingers no response 

h, .3 + 2 « correct incorrect ^ , \ i mmediate delayed 

counted on counted fingers no response 

4 + 5 " correct incorrect^^ ^immediate delayed 

counted on counted fingers no response 

4 

correct -incorrect . .. immediate delayed' 

counted on counted fingers rio^ response 



e, 3-1 * ' correct incorrect^ immediate « delayed 

counted on Counted fingers no response 

f . 5 - 2 « ^ correct Incorrect ^immediate delayed 

^ ^ . - counted on counted fingers no response 

g* 6-3 - correct -incorrect ^ immediate delayed 

counted on ^ counted fingers no responsie 

h. *12 - 4 " correct / incorrect " immedjLate delayed 

.^ounted on counted fingers • no response 

>' * ~ ^ - * ' 

3 + " 5 correct ' incorrect i mmediate ^ ''%*^<ielayed 

(what)— counted on counted fingers * no response 



jt c 7 - 5 -correct incorrect , .I mniedlate delayed 

'(what) counted on ^ ^ counted fingers *' no response 



113 



Production of Nuinber Sentences 

Stinmlus: Picture 

Response: Verbal .Number Sentence 



Instructions: Point to each of the pictures in tunuAsk the. child to tell*' 
you a, number sentence for the picture, ^ * • * , 

1, Verbal number sentence: Correct ♦incorrect^ ' 



X 



XiO response 




2, Verbal number sentence correct incorrect 



_no ^ response 




3% Verbal number sentence ^ correct 



incorrect" 



no response 




4« Verbal number sentend« 



correct Incoj^ect 



no response 



Answers & Production of Number Sentences * * • 

Stimulus: Verbal story problem* • . ^ 

Respon3e: Verba! answer & verbal written number sentence 
Materials: Counters, blank paper * ' , 



Say: I am going to tell you some stories and ask ;you^ooc qu^'^tions 
^bout the stprles; I want you to telloe the answrs to the 
' ques^cfons. Yoy may use- the counters or your fingers If you wish, ^ 

^ IXI- Story 1. Pretend you have 2 pennies and you 'found 2 more pennies. How many 
t pennies would you have? ✓ 

^ . a, Reco^ answer , ^^^^ 

• ^ Answer^: correct Incorrect ^cpunters Immediate delayed 

I ^ ^ no response 

b. Say: Can you tell me a number sentence for this story? 

Response: ^ " - ^ n 

r Verbal Number Sentence: correct Incorrect " 

^ ^ " ^ - delayed r\o response 



Story 1. (child's- name) . found 3 acorns on the p^ayg^round. He found 2 
more acorns on the steps. How many acorns did he find? 
ii. Record answer 

Answer: correct Incorrect ^counte^s Immediate 'delayed 

/. ^ -j.-.^.v no response » 

Sa^: Can you write a number sentence for this storr? ' 
Response: . ~ , 

^ I / Written Number Sentence :^correct_^noorre~djp _ 

* , , no response 



Story 3» Five children wer^ In line to go to lunch* Two children left to 
wash their hands. licfw many children Were 8t:^^U In line? 
a« Record answer ^ ^ 

^ Answer : correct Incor^c t , c ounters Imoedlite delayed 

" • ^ no^responae • — 

b. Say: Can you t^JJl'me a number senteiiice for this .story? 
Respons,*!^^^^ % ^ ' 

Verbal Nuiier Sentence: correct Incorrec t 

no response ^ 



Answers and Production of Number Sentences (cont*) , - • 

Story 4. There were 3 birds in a tree. Ope bird flew away. How many birds ' ' 

' ' were left? ' ^ *^ 

a. Record answer ' * « * 

Answer: correct incorrect ^ . counters ioacdiate delayed . 

, /no response 

- ' b. Say: Can you" write a number sentence for this/story?^ / ^ 

Response: - . , 



Written Number Sentence: correct' incorrect 

no response 



Story 5. Let's pretend you have 3 pennies. You want to buy chocolate 
milk that costs 5 pennies. How many more pennies do you^ri^ed? 

a. Record answer » * 
Answer: correct incorrect counters imnedlite delayed. * 

" , no response 

b. Say: Can you tell me a number sentence for this story? :< \ 
S ' Response: " ' « S 

Verbal* Number Sentence: correct incorrect ' ' 
- - ^ no response . » ^ ^ . 

Story 6. Let's pretend you, have 7 cookie^. How many cookies must you cat*' ' 

so 'that^there are only 4 cookie left? ' 
a. Record Tanswer • * 

. , ^ Answe;r^: correct incorrect c ounters Immediate delayed' 

. . ^ • ./ " np;|respons« _ I 

y /say: Can you write a number sentence for this story? 

. , iCesponse: ^ .\ " - ^ * 

Written Number Sentence r correct incorrect . * » 

no response '* / 



Ansvers Interprecation of Number Sentences 
Stimulus: Written Number Sentence 
Eesponse: Writtcyj Answer,- Objects Interpretation 
Materials: Objects ' 



Instruction*: Show the 'chJld each of the €ol lowing number sentences. Ast 
the child to write the answer .in the blank. Say;. Show me how you would * 
find the answer to this nuffl>^ sentence if 70U forgot it. Use these objects 
or your fingers. " . 



I.'*'*. Wrl 




4- 




2, 



I'^wer: delayed iomedidCe no response counted on counted finsers 
X \ • * • • 

b, ^Interpretation: correct incorrect no response * 

\ ' \ a 

\ method used 

V — " ■ 



7+ 




a. Written ^nsver; delayed innnediate no response counted on counted fingers 

b. Interpretations correet incorrect no response 

Qethod used 




3. ^* Written answer: * delayeiJ immediate -^no response 'counted on counted fingers 
. t>- I^iterpretation: correct incorrect, ao, response 

^ ; method used 



ERIC 
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f Answe^rs and Inten^retation of Number Sentences (coat,) * 



12 - 4 = 



'4, a. Written answer 
b. Z^terprecatidn 



^ dc laved Immediate no response counted on counted fftigers 
correct Incorrect ncf rcsponst' ^ 
method used ' - 

■ *s. 



C 



V 



Interpretation of Kunhef Sentences 
Stimulus: Verbal Nuaber Sentence 
Response: Picture^ Objects 
Materials: Picture she^t j objects 



child the picture sheet* S«y: X am going Co tell 



Instructions: ^Ive the 

you some number ^entenc^s* I want you to point to the plctu?^ ^that sboys 
the nui^er sentence. 



a. 


2 + 


2 


corrcM:t 


Incorrect 




mo 're^^nse 


b. 


3 + 


2 


correct 


Incorrect 




no response 










* 






c. 


3 - 


1 


. correat 


incorrect' 




no response 


d. 


5 - 


2 


correct' 


Incorrect 




no response 



Instructions: Give the chlfd a set (jf qbjects aos^ 



= fctn e sr Say 



SayT^ 



T'la gplng to tell you some number sentenses. siiow how you could find t^e 
answer if you forgot it. Use these objects or your fingers* 



a. 3+2 Interpretation: correct 
. _ ■ method uied 



incorrect 



b» 5-2 Iitterpretatlon: correct 



incorrect 



Answers & Interpretation of llumber Sentences 
Stimulus: Written, Number Sentence 
RespoDse: Verbal answer^ ^Object Interpretation 
Materials: Objects * 



Instructions: Show the child each of the* following nuobcr sentences. Ask the 
child to t^ll you the ''answer. (Record response) Say: Show toc how you 
would find the answer* to this number sentence if you forgot it. Use these 
objects or your fingers. 





a. Verbal answer: correct incorrect_^ ^delayed ■ icsaedlatc > no response 

■ft ^ 

r 

counted on counted fingers other 

b. I"hterpOrefiation: correct incorrect no response 



metho'd used 




+ 




a. Verbal answer t correct ^ incorrect 



_^delayed . imaedlate no response 



counted on counted fingers other 
b^. Interpretation: correct incorrect no response. 




a. Verbal answer: correct incorrect^ 

counted on counted <-f ingers other 

b. Interpretation: correct Incorrect^^^"^ no response 

, method used 



delayed iassedl^te no response' 
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*ProductiJn of Number Sentences 
^ Stimulus: Objects 

Response: Verbal & Written Nu&bcr Sentences 



IX. 



, • SAT ^ 

U Place a 3et 'of. 3 objects and a set • 1. TsU »e a number sent;«ace 

of 2 objects on the table, ^^ove ' for what I did. ' 

together but do not mix. * ^ 



Spoken number sentence: correct incorrect 



jno response 



2. Place a set of 5 objects on the table. 2. Write a number sentence far 
Remove two. objects. ' , . what I did. 
. Written nui?ber sentence: correct indorrec t no response 



3. Place a set of 6 objects on\the table. 3 1 Tell me a number sentwce for 
Remove a set of 3 objects. ^, „hat I did 
Spoken number sentence: correct iricorrec t no response 



4, Place a set of 4 qbjects and a set 
of 5 objects on the table. 
' Move together but <io not mix. _ 

written number sentence: - correct incorrect 



^T^ite a number sentencie for what 
I did. 



no response 



APPENDIX "E 

LEVEL A OBJECTIVES FOR THE INDIVIDUALLY- 
. PERSCRTBED" INSTRUCTION (IPI) 



MATHEMATICS PROGRAM 
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SWt;UT,OH/«I.ACt VALVE 



p»v»Vf*^M fvic< into* 
If t 'M /»Virn ow^tch o» " «h» 

«l »»tt r>ctt •><~'C •« I* j« »m 

w^'N* tti^ * ;! o/ctr'K] b> ^^ ♦ 

NO oOOKLCI 

t*«r t«t by fou"'*^ <«ovU 

»rvi rjtii rrA'»v A^tfPtnn •rj •> 

o* cot\txn^c\t 4 i«i v( oo««c:i 
tn* vivtn Av'«io«# of t4««nenti. 

U«MlT t mMuV *> 

8 Gf^^"^ • too4«n rwmh^f r«<T^. tn* 
tto<}« .1 M^»t#f 'n>iri«r4< G>v»f. t 

I /Mil t throw*) S 



PART <J 



;0 Th« t jtHnt MVS n^f^ott 

, -LiMir ! ti'fou^ to 
NO t/'CKLET 
I ^ 



ttuot*. 'I* fH» that 
*Ar*. tl-» ^t'*)* •n»rtt tittf^ Mra»» m 

G«wM • «C/Oti«n nKtff^m raT»*. iM ' ^ 

P*CIV>« O) • Ml. IM ttvdtAI WT'in 

i 

fr««m or i«t*iw nurnh«r, Gt¥««i 

^•tH*«*>i'm 4n avejtndtfif order 
LJMlT Ol^ro«^f 

Gn^ O'Clurvt of t«« Mtt. flUdWH 

io nt.r e» W»(Ch Ml htt mof* •<«ni«nti, 
w*>«et» tft hsi dm fi^n^tnu. /»/ j> 
two »ri 4'* ecuiva<«n(. 
LIMIT Oih<ou9h9 



AOQiTtON/SWaTRACTtOM 
PART I 



t.<Gw4n p>ct(*mo( twoMU. ihtf'itiidMt 

LIMIT mt«iffH*mof 0«ltm*nt« 
'3. ,Gtv*f» D»ciar«« o# two win. th« ttu tf i m 

3 G^^* iyciu/«of •wt, tti* srudmt 

UiO«vt \\Tf CfOUtnf out ObltCtt)^ UM 
' /•rti9^l ol • looait. 
LtA4ir m*xifnum ol 9 t»«*«t«ott ^ 

% of Mil or tn« /rno«»l ot • iub«9t, 
LIMIT tufTithrow^ft 

^ », G««-*^«DiClUf*(MUfftr«t''>f i^ufMon 

c i4Ri or th» rr^ncvel ©♦ % tutM^. tM 

^tV*T V»fm Irrm 0 imoMflt • 

^ Go^ owtum ut HMO Mil. ih« iiud^ni 
••kirt'Ain :htui>ooot th«Mti«n«S 

{fir^Oiont to r3%« a^vtv • uMOfiatf 
•v^r^t^ Ol noi> II •All a Dictu'*of t 
wotodt^ci* I'M itiKftit iMtMiram 
0* • tubMt n'^^ iMr<in 111* 

' G>van i*^ £od«tio«t o# lubtfKti*^ 

uf>f. Ol OU^* ' emovat ol a iutoMt. 

• a«««n.arHj(r«ir*iir»i(l4«ifat»^« 

numo*r v^tf^ca. ih« «(ud*ti (tMMilitt 
. v4«at^»« ai*d.tio«i fubirart<*M 

indiratfif ' , ' , 

LIMIT tKfOwth t 

9 G'^^f n^r^af ^liu«|tallf^|a 
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•t IO li'usi^au a^ com|»iata ao4tr««f« 
and «i*6irKiCf« •t«*ttnc«t. 
LIVIT •um«throy^9 

.r TO •«iu*«> 4t« f «Nd cofneift* adtfittOA 
aMt wou««iK>n iaft«tnc««. 
l.«M'T- lumi ihrov«r»t 



V PART II 



17 G»w*<^0Aad0itiOf%oriu6trtctid««M«^ 
* - taf»<t .n toim #« orC 0# #-^0. 
• trvetiudantraaOtandcoinplauiitM 
•antcnca. ^ 
LiMiT iumtmr<«wfh9 ^ 

G^an an a(>Af*o*« or «ibtract>OA 
narvyjla M«(t<an «n vcfKt I form, 
ftvtftni rtatfi and coma«r:«t ihf 
aMmota, , t 

^ LIMIT r^lVou^9^ 

-14. Givai ar addition Aniw«c«. tMtrvdam* 
vi^.iat moi'aciiAn aantancaa u«»r*f 
tt»W Mina nuirXSan 
LIMIT surm through 9 ^ 

* 1 5 Grvtn a tMmbat tarttane* m tM JOfm 
a« ©• 0*" c. thaitu^M 
dbfr.olnt« tha «antar«M 
XiMiT tumt«Kou^^9 

Gaw) a numbar iantanc»Ht tft^fom* 
#^0*.*. tM iiodant comoiafat tht 
t aantanca •«« iMf if wayt 
LIMiT aumiiNowfhf 

17 Givtna aum and « o«cturao< aaai^'* 
nun't>a'.,i^na t««a tt\<dfnt comoH<«« 
^ wvara* addition and lubtraction 
•antmea* lor «hi# mcifiad «dm. * 

ttMlT siflH thrOM^fl 9 



, FRACTIONS 



t. GivaMaoKtuiraef'aparitliorwd 
I iha iiudem mdtcitn wharfs or aoc 
ir»a o«'U ar« rriun^aiafli, 
LIMIT rwo. lATM. or (our pvti 

3. Gnraw a o^atura ^^fa Vuipa partiHa 
1^ into •oww«l*«tt pant, iha tiudtnt ««rit*i 
ih< nufnaral thai lAdioatat iha fufvkm 
of o^rtt. <> 
LIMIT. tw« thiaa. or four pari* 

3 Gnw«i'ap*ctur%of a whol« 06tatt 
trxuo^^ oartiof th»f o6tKt< th« 
•t\«d«r^t Hi^ntitiai orwAatf^ ona-fourth. 

* JAd B V^HOt*. 



MONEY 



1. *0*v^ • ceHact«m ol U3. oomh 
tha nama o' a idf<tf i«d cnMt. ift« 

vv«rh » p*c(iir* o< ettMr ol it* t^rtx. . 



.TIME 



1. 7haitudf^«avft,ttwfwii«aa'alth»« 
ol th«iM^« «n order. 
MO ftOOKL£T 




.14 a 



APPENDIX F 

Table lA Posttest r4w- Scores of Not Ready Subjet:ts 



"^^^ Delayed' SymbblizatJon^bfimp 



j No. 6f nutriber sentences 
I '- on oos 




APPKNOrx- F 



* Table 13 Pjoattest Raw Scores of Ready Subjects - 



Delayed Symbolization Group 

No, of number sentences 
on posttest correctly* 



li 



j interpreted j produced. " answered 

I t I 

!• A 



I 



/ 

7 
7 

7 . 



T 
12 
10 
12 
13 
13 
HO 

9 

13 
12 



A 
8 
7^ 

7 ' 

6 
•o 

8 

7 • 
8 





1 


s. 


T ■ 




-•.i: 


7 


15 




15- j 


7 


lA ■ 


7 


13 


8 


16 


7 


14 


8 


16 


T 


14 

» 








* > 



A 
10 
7 
8 
B 
10 
9 

9 



S 
7 
7 

8^ 
8 
8 

K 2 
8 
9 



T 



Total. 

♦ 



17 24 



14 



21 



i-6 [22 
16 21 



18 



25 



11 I 23 



17 

,18 



24' 

22 



S 

20' 
18 
20 
21 ' 
22, 
,12 
22 
22 



T 

44 
39 
42 
42 
47 
35' 
46 
44 



u 
•I-) 

CO 



1 

.2 
-.3 

4 

5 
, 6 

7 

^8" 



Immediate Symbolization Group!- 

■u • 

No, of number sentences 



t 



on, posttest^ correctly 



in t^j^^e ted|"^roduc6d 



answered 



7 
7 

I 
5 
7 
7 
7 



j. 

! s 

T" ' 


T 


6, 


13-1 


6 


13 , 


6' 


13^ 


5^ 
• 


10 


6 


13 


6 •. 


13 


■ 6 


13 


6 

* * 

* * 


13 







A i S > T 



8 
8 
5 

V 

'7 

8 



7 15 

8 16 



8 
6 
8 
8 



16 
11 
16- 
15 



8 1 16 

i 

7 15 



Total 



It 










A 


s 


T . 


A 


s • 


1 9'* 


'7 


16 ; 


24 


21 


. 9 


7 


ifr I 


24 


21 


i ^ 


9 ■ 


% 1 

18 


24 


23 


8 


6 


14 


18 




iio 


7 


17' 


26 


21 


7 


8 


15 


21 


22, 


10 ■ 


9 


19 


25 


^3 


10 




16 


p6 


19 


> 

1 ■ 











T 
45 
45 
47 
35 
47- 
43 
48 
45 



